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THE INFLUENCE OF PRACTICE AND PITCH-DISTANCE 
BETWEEN TONES ON THE ABSOLUTE 
IDENTIFICATION OF PITCH 


4 BJ ` 
By E: B. HARTMAN, U.S.N. Submarine Base, New London, Connecticut 


e DIES 

The term absolute pitch customarily implies an ability to name isolated ` 
musical tones—an ability possessed by few persons. The usual experimen- 
tal test of this facility requires O to identify by name (C, Gt, F, etc.) a 
series of tones presented singly, each being separated from the one pre- 
ceding by a designated time-interval. If O's average error of judgment 
satisfies a certain criterion (musical semitone or less), he is said to have 
absolute pitch; if his error exceeds the maximum allowed, he is not cred- 
ited with absolute pitch. : 

Certain writers, Gough,! Kóhler,? Meyer,? and Mull, have attempted to 
show that Os who fail at first to meet the standard can, nevertheless, do so 
after training. The results of these studies, however, are largely equivocal, 
due to failure to control such factors as the number of tones in the series, 
the complexity of the stimuli, interstimulus time-interval, and pitch-dis- 
tance between tones. It appears that what is needed is a careful determina- 
tion of the effects of those factors upon absolute judgments of tones that 
are presented serially. How many tones can the average O adequately 
consider by the method of absolute judgment? How large must the pitch- 


D = 
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Wolfgang Köhler, Akustische untersuchungen III, Zsch. f. Psychol, $2, 4915, 
159-177. LEM 
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distance be between successive tones before O can make correct identifica 
tions? How are absolute judgments affected by increasing the number of | 
tones or by decreasing the pitch-distance between tones? These questions, 
besides bearing on the issue of absolute pitch, are of general interest with | 
regard to broader problems of discrimination. We should like to know, for 
example, how many different pitch-qualities the average O can identify 
absolutely for purposes of practical communication. . 
In the interest of extending our knowledge about the róle of pitch in 
absolute judgments, this paper poses the following questions: How widely) 
must a given number of pure tones be separated in pitch before the average? 
O can make correct absolute judgments? What happens to the accuracy o 
absolute judgments of pitch when O is presented smaller and smal 
pitch separations? How is the amount of information which O receives 
, about the series related to the pitch-distance betweeñ tones? Are the effects 
of pitch-separation on absolute judgments significantly influenced by prac 
tice? How does disuse affect the ability? 


APPARATUS AND PROCEDURE 


Four series of nine pure tones, separated by either 50, 100, 200, or 300 mt 
were recorded at a constant intensity. In recording each separate series, the ton 
were placed discretely on the surface of the record to permit individual presentation 
Each tone was of 2-sec. duration and was preceded by a 6-sec. burst of white noise. 
A General Radio Company Interpolation Oscillator, Type 617-C, was used to generate 
the tones. In reproduction, an attenuator situated between the phonograph 
Permoflux PDR-8 headphones allowed E to control the intensity. Since a soundprt 
room was not available, the experiment took place in a reasonably quiet room. 
O sat facing a chart bearing a column of circles numbered from 1 to 9. 

Observers. Twelve Os with normal hearing were separated into four groups On 
the basis of their ability to make absolute identifications of 36 pure s»mitones 
tween Cs and Bs. Each group yielded an average semitone error deviating either 
Side of 4.0 semitones by less than a quartertone. 

Instructions. The following instructions were read to O: 


This is a test to see how well ps can identify tones. There will be nine tones; 
which you are to identify by number. Listen while I sound each tone and give you 
its number. Notice that tone number one is the lowest, and tone number nine the 
highest. Notice also that each tone is preceded by a burst of noise. (E sounded each. 

. tone once, beginning with the lowest, and called each by number.) 
Now turn to,your answer sbeet and find Item 1. I am going to sound one of 
the tones. You are to decide which tone it is, then write its number opposite Item 1. 
^ You may find the chart helpful in making your decision. Notice that there are nine 
dud numberéd one to nine, or low to high. They will help you picture the position 
oi tones. ° 
, De not take a long time answering, for I wish to correct your judgment before 
ving,you the next tone. Try not to think of the previous tone while waitiag for 

* othe next. Since'a burst of noise precedes each tone, you might regard the noise 35. 

a ‘ready’ signal. D 
- 
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O was then given the following sequence, which was repeated every 30 sec.: 
a burst of noise, given to ‘wash-out’ the perseverative effects of preceding stimuli 
(6-sec.), an interval of silence (1-sec), a pure tone (2-sec). The tones were pre- 
sented in a predetermined order, designed in such a way that each tone followed every 
other tone an equal namber of times. Loudness level was about 50 phons. E at- 
tenuated each tone to approximately equal-loudness with the help of an equal- 
loudness chart based on two normal Os. When O had identified a particular 
stimulus, E told which stimulus had actually been given. 

There were two experimental sessions every week for eight test-weeks; each 
session consisting of 72 judgments, or 8 judgments per stimulus. During Session 10 
(Week 5), O was not told which stimuli had been presented, in order that E might 
determine how much he was relying on correction. Similarly, Sessions 15 and 16 
(Week 8) were uncorrected, to make possible an estimate of unaided level of, 
eperformance, Two months after the completion of the main series, O was given 
two additional sessions to establish how much he had forgotten. 


* RESULTS AND DISCUSSION 

Effects of pitch-separation. The customary treatment of the data from 
judgments of absolute pitch has been in terms of average error. The fam- 
ily of curves in Fig 1 expresses average error in mels against the week of 
practice, preserving the mel distance between tones as the parameter. These 
curves answer the question: By what pitch-distance, on the average, do the 
several experimental groups fail to identify the stimulus? 

It will be noted (1) that no mel-group achieves 10076 accuracy. This 
is perhaps understandable, inasmuch as perfect performance requires a 
total of 432 correct judgments per week—a rigorous criterion. 


(2) In general, the smaller the pitch distance between tones, the | 


smaller is the average error of judgment. The 50 and 100 mel-groups not 
only begin the experiment making smaller errors than do the larger mel 
groups, but they are able to maintain this advantage throughout the entire 
course of training. 

(3) Learning curves for the.200 and 300 mel-groups drop sharply to 
asymptotes in about four weeks, while those for the 50 and 100 mel- 
groups show a more gradual descent, along with indications that learning 
is still occurring even at the end of training. a 

Gough, after training Os extensively to make absolute judgments of semitones, 
on the piano, describes her learning curves as showing an irregular but gradual im- 
provement, with no sign of a plateau at any point. Wedell’s Os, on the contrary, 
judged tones separated by roughly 21/2 semitones and yielded curves which dropped" 
quickly to asymptotes.* The discrepancy between theseetwo reports is accounted for 

2 e 


5 @ough, op. cit., 86. $ c 
* C, H.gWedell, The nature of the absolute judgment of pitch, J? Exper. Psychol 
17, 1934, 494 f. e 
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by the present findings, showing that with narrow pitch-separations improvement 
occurs slowly and is incomplete even after considerable training, while with widi 
pitch-separations improvement is rapid and complete within relatively few practice 
sessions, 


(4) Abandoning correction causes the average error to increase for 
groups. For all but the 200 mel-group, this increase varies directly wil 


210 


150 


110 


AVERAGE ERROR IN MELS 


TO 


TEST-WEEK 


Fic, 1. ACCURACY OF ABSOLUTE JUDGMENTS OF NINE 
Pure Tongs DURING EIGHT TEsT-WEEKS 


The values for Week 5 are interpolated, since one of the two sessions for that wi 
was uncorrected and the results of the two sessions could not be averaged. Th! 
broken lines at right indicate the increase in error occurring when correctio 

x withheld. Parameter is interstimulus pitch-distance in mels. 


the size of thé pitch-distancé between tones. The anomaly is perhaps utt 

" derstandable jin terms of the small number of Os employed. 
(3) „The wider the pitch-distance between tones, the more the avera; 
grrot is reduced by practice. Apparently, the degree of benefit derived fro 
 practite is not simply a function of the amount of time spent practicini 
‘but varies also with the pitch-s¢paration of tones in the series. This relation 
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is shown more clearly in Fig. 2, which plots the absolute reduction in av- 
erage error occurring over seven weeks against the pitch-separation of tones 
in mels. The result is seen to be an approximate straightline function over 
the period of testing covered. This tendency for benefit from practice to in- ' 
crease with the pitch-separation, together with the fact that the average 
errors of the 200 and 300 mel-groups at the beginning of training are 
more nearly alike than are those of any two other mel-groups, explains how 
the 300 mel-group is able to surpass the performance of the 200 mel-group, 


REDUCTION IN AVERAGE MEL-ERROR 


DURING 7 WEEKS 
2 
o 


50 100 200 300 
PITCH SEPARATION IN MELS 


Fic, 2. EFFECTS OF SEVEN WEEKS’ PRACTICE IN IDENTIFYING NINE PURE TONES 
‘As A FUNCTION OF THE PITCH-DISTANCE BETWEEN NEIGHBORING TONES 


even though the former's coarse separations entail errors of greater mag- 
nitude, 1 

The fact that the average mel-error decreases with the pitch-separation 
cannot be tgken to mean that O's discrimination improves as the pitche 
disfance between tones becomes smaller and smaller. Consider the result 
of asking the Os to make absolute judgments of nine tones separated by 
infinitesimal frequency steps. Though the Os could perfórm no better 
than chance, their average errors, besides being of small absolute magni- 
tude, would tend to be smaller than would thosewf a much coarseg pitch- 
group committing occasional errors. Since all mel-groups in the présent 
“study were operating short of perfect identification, those groups judging 
the coarser pitch-separations were disproportfonately penalized for guessing. 
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This fact becomes clearer when the percentage of correct judgments made! 
by the various groups is taken into account, in which case it is found that 
the smaller the pitch-separation, the less often is the stimulus correctly 
identified. This is in agreement with Mull's finding that a reduction in 
the pitch-distance lowers both the number of correct identifications and 
the average error of judgment.’ 

Effects of pitch separation. Actually, the average error of O's judgments, 
aside from being unduly influenced by the arbitrary choice of pitch-separt- 
tion, is of less practical importance than is O's ability to make consistent) 
tesponses to particular stimuli. If, for example, we were to regard our tones 
as representing nine items of knowledge about a particular continuum, 
might wish to know how the pitch-separation of tones affects the amous 
of knowledge which Os receive about the continuum, Garner and 
have shown that a measure of amount of information transmitted is usel 
for this purpose. 

Fig. 3 plots the amount of information which each mel-group receives 
about its stimulus-series during eight test-weeks. The left hand ordinate 
represents the absolute transfer of information in bits per tone, while the 
right hand ordinate gives the efficiency of informational transfer in pet 
centage (i.e, amount of information received over amount theoretically 
possible with nine stimulus-alternatives). These curves show several of 
the same characteristics noted in Fig. 1; namely, the clear differentiation 
of mel-groups, failure to reach the limit theoretically possible, differences 
in the shape of the learning function for the wider and narrower mel- 
groups, and the positive relation between mel-separation and benefit from 
Practice. Of special interest is the fact that amount of transferred infor 
mation varies directly with the size of the pitch-separation of tones in th 
series. Varying the separation by a factor of six (i.e, 300/50 mels) i 
creases the efficiency of informational transfer from 40 to 70% at the end 
of training. 


i This is not in keeping with Pollack's finding that the transfer of information 
changes only a few percentages, even when the ratio between successive steps in a 
Series is varied by a factor as great as 20 times." That this discrepancy in findings Ë 
due primarily to the extensive training given the Os in the present study is sug 
e " —3 

; Mull, op. cit., 479-482. á 
W. R. Gatner and H. W. Hake, The amount of information in absolute jud 
ments, Psychol. Rev., 58, 1951, 446-459; Hake and Garner, The effect of presenting 


various numbers of discrete steps on scale readii . Psychol, 45 
31951, 358-366. ii ORD RAT taal, Maer. ETEA 


“Irwin Pollack, The information in elemen ditory displa ublished 
paper read before The Acoustical Society of poen May 8, 1952. pai 


5 


e 
ABSOLUTE IDENTIFICATION OF PITCH 7 


gested by the fact that the overall range of efficiency of informational transfer to 
our mel-groups on the initial week of training is 10%, a value which is in reasonably 
good agreement with the small percentage reported by Pollack. 


The precise relatien between interstimulus pitch-distance and informa- 
tion received at the end of training is shown in Fig. 4. Under the condition 


o 
o 


[] 
o 
EFFICIENCY OF INFORMATIONAL TRANSFER IN PERCENT 


^ 
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INFORMATION TRANSMITTED IN BITS PER STIMULUS-PRESENTATION 


wt 2 3 4 5 6 7 8 
TEST- WEEK 4 
Fic. 3. AMOUNT OF INFORMATION IN ABSOLUTE JUDGMENTS OF . 
S NiNE Pure TONES DURING EIGHẸ TEST-WEEKS e 
Values for Week 5 are interpolated for reasons explained in legend of Fig. 1. 


in which O's judgments are corrected, the amountof information ingrgases 

in an, essentially linear fashion witli the pitch-separation of tones. When, 

correctionęis abandoned, however, the transfer of informatión is reduced, 

in a way which suggests that the wider tht pitch-separation, the smaller. 
: . 
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is the informational loss. As we have already noted when considerin 
average error, the 200 mel-group fails to conform with this tendency. í 

Although Fig. 4 gives every suggestion that a larger pitch-separation 
will result in still further informational transfer, several considerations adi 
vise against one's extrapolating this function. For one thing, above and 
below a frequency band extending from about 1000 to 6000 ~, a given 
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INFORMATION TRANSMITTED IN BITS PER STIMULUS = 
PRESENTATION 


50 100 200 300 
PITCH-SEPARATION IN MELS 


Fic. 4. AMOUNT OF INFORMATION IN ABSOL 1 
UTE PrrCH-JUDGMENTS AS 
DETERMINED BY THE PrrcH-DISTANCE BETWEEN NEIGHBORING TONES 


The upper line represents the final week of corrected 3 line, 
the final uncorrected par Sa genial the pes 


mel-separation eats up the audible frequencies at an increasing rate. I 
addition to thus facing the'unhappy prospect of running out of audiò 
frequencies, one encounters certain practical difficulties in controlling t€ 
stimulus for pitch at the frequency extremes. 
E Number of tones absolutely identifiable. Within specified frequent] 
dimits, the number of tones identifiable by the method of absolute judg 
ment will depend, in large fneasure, on the criterion of accuracy 09€ 
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chooses. By Wedell’s criterion, which consisted of a single perfect identi- 
fication of the stimulus-series,?° the Os (three in number) in our 300-mel 
group had learned their series in 1, 2, and 7 weeks, respectively, and two 
of them could still meet this criterion when uncorrected. Two of the 3 
Os in the 200 mel-group learned their series, by the same criterion, in four 
weeks, one of them being able to maintain this level uncorrected. Wedell 
has stated that average Os cannot learn to identify 13 tones about 111 DLs 
of pitch apart.™ Since the present study shows that Os can learn to iden- 


TABLE I 
Tur Response Proricrency EQUIVALENT TO AMOUNT OF TRANSFERRED INFORMATION 
Walues represent the number of tly identified stimuli necessary for an informational 
transfer equivalent to that received by each mel-group. 
e. Number of tones perfectly identified 
Mel-group 
Week 1 Week 8 
50 2-3 2-3 
100 2-5 275 
200 2-3 374 
e 300 275 475 


tify nine tones about 106 DLs apart and, under certain conditions, nine 
tones about 70 DLs apart, it appears that the difficulty experienced by We- 
dell's Os was caused not by the pitch-separation of stimuli, but by the 
absolute number of stimuli comprising the series. 

Pollack employed an informational treatment of his data on absolute 
pitch? hoping to circumvent the problem of choosing an arbitrary cri- 
terion of achievement, but discovered that he had chosen what was essen- 
tially a zenp-error criterion.!? The treatment, nevertheless, provides a means 
for determining the number of tones, within fixed frequency-limits, to 
which Os are able to respond in an unequivocal manner. Table I summa- 
rizes for the first and final weeks of testing the response-proficiency equiva- 
lent to the amount of transferred information, These values answer the 
question: How many perfectly identified stimuli would it take to yield an 
informational transfer equivalent to that received by each mel-group? — * 


 Wedell, op. cit, 500. Actually the present criterion is moré rigorous than 
Wedell’s, since stimuli were so arranged that a single perfect repetitiog always 


occurred in a context of more than nine correct judgments. e 
* Ikid., 501. 5 © 
Ve Pm cit. * H 
13 While the information measure is insensitivasto the magnitude of errors (Hake 


and Garner, op. cit, 363), it is exceptionally sensitive to the number of errors. 
e 
© e N 
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It will be seen that on the first week of testing, no mel,group receives $ 
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more information from a 9-tone series than can be gotten from a 2- or 
3-tone series, perfectly identified. This remains true for the 50 and 100 
mel-groups throughout the entire experiment. Eight wecks of testing, on 
the other hand, enables the 200 and 300 mel-groups to boost their ef- 
ciency to between 3-4 and 4-5 tones, respectively. 

As might be expected, the Os within any one mel-group differ in regard 
to the amount of information each receives. The response-proficiency 
equivalent to the information received by the best O in the 300 mel-group, 
for example, is perfect identification among 6-7 tones. Though slightly 
higher than the estimate based on the combined judgments of the three Os, 
this value still places the number of absolutely identifiable tones quite low. 
In this respect, the present results substantiate those of Pollack, who found 
that the information in combined absolute judgments rarely exceeded pet 
fect identification among more than five tones, despite changes in the total 
number of tones, their pitch-separation, and, to some extent, O's expe 
rience in judging. 

Forgetting. How much knowledge about the stimulus-series is lost in 
two months during which no absolute judgments were made? 


è 


Mull reports that the learning shown by her Os persisted for a month.” Wedell's 
Os, after from 2-4 months’ rest, relearned their series in less than one-third the 
time required initially, thus indicating a substantial savings effect." Gough noted 
some practice effects persisting over a period of a year and, furthermore, that the 
amount of ability retained was in some measure proportional to the degree of ability 
acquired through practice.” Inasmuch as we have already noted that the informational 
benefit from practice is positively related to the size of the pitch separation between 
tones, Gough's findings suggest that the larger the pitch separation, the less infor 
mation will be lost following a rest. 


Fig. 5 plots the amount of information received by each mel-group of 
the final week of testing and the amount received two months later. It will 
be seen that all mel-groups show an informational loss after a two-months' 
test, This loss, with the exception of that for the 50-mel group, is in- 
` versely proportional to the size of the pitch-separation. Two months' rest 

has a practically negligible effect on the transfer of information to the 300° 
mel group, while the same period of rest reduces the information received 
„ by the two narrowest mel-separations to a value only slightly greater than 
that obtained‘on the first week of testing. Thus, it appears that the stabil- 
Eu T E m ELMAR ML AVI oe 
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* Pollack, op. cit. 
` 2 Màll, op. cit, 486. 
in Wedell, op. cit., 498. è 
» ™ Gough, op. cit., 86. 
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ity of judgment, during a two-month rest-interval as measured by resist- 
ance to a change in information received, shows a tendency to increase with 
the size of the pitch-distance between the tones in the series. 

Effect of series. A*question which arises in connection with the particu- 
lar spacing of stimuli in the present study is whether pairs of tones which 
are equidistant in pitch are about equally confused in the absolute judg- 
mental situation. An approach to this matter is provided by a partial over- 
lapping, among three of the four mel-series, of the particular frequencies 
used as stimuli, These frequencies (1330, 1700, and 2104 ~) are sepa- 
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Fic, 5. EFFECTS OF A Two MowrHs' REST ON ABSOLUTE PITCH-IDENTIFICATION 
Parameter is interstimulus pitch-distance in mels. 


rated by 200 mels, yet occupy different positions in the 50-, 100-, and 200- 
mel series. For the 50-mel group, the frequencies are tones 1, 5, and 9; 
for the 100-mel group, tones 3, 5, and 7; and for the 200-mel group, 
tongs 4, 5, and 6. Should all these tones be about equally confused, we 
could conclude that confusion is due to a given pitch-separation, irrespec* , 
tive of the position of the tones in the series. Should.the degree of confu- 


sion vary systematically, however, with the position of the tones in the 

series, we would be forced to conclude that pitch-separatioh is only one 

of the factors causing confusion in a serial situation—and not tle {most 

important one. Table II, which summarizes the extent to which the,three 

frequenciés are confused on the final uncogrected week of testing, makes 

it clear that stimuli separated by equal pitch-distances are confused accord- 
e 
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ing to their position in the judgmental series. For example, tones 1, 5, 
9 are never confused by the 50-mel group, while the same frequend 
(tones 4, 5, and 6) are confused almost one-third of the time by the 20 
mel group. . 

Other writers have reported on these so-called anchoring effects which characte 
absolute judgments of stimuli in a series. Wedell’s graphs show that the average D| 


error in judging pure tones is least at the extremes of the range.” Wever and et 
maintain that O's ability to make absolute judgments derives from a rapidly-f orm 


TABLE II 


Conruston or Equat Prrew-Distances (200 Mers) my THE 50°, 100^, 
AND 200-Mrt Grours 


Mel-group Stimuli No. confusions % confusion 
1-5 o . 0.0 
50 5-9 o 0.0 
1-9 o 0.0 
35 7 79 
A 77 4 4.0 
37 1 1.0 
45 20 21.0 
200 27 28.0 
4-6 3 3.0 


body of knowledge about the character of the stimulus series; also, that an & 
acquaintance with the extreme stimuli facilitates the growth of such knowledg 
Riker, upon observing that Os allegedly having absolute pitch performed no bet 
at the extremes of the series than did Os allegedly without this ability, conclud 


op. cit., 495. 
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tion of constant errors associated with the various procedures, that the resulting 
scales must be in reasonable agreement to be considered valid. Now, a given degree 
of confusion among tones judged by the method of absolute judgment appears to 
constitute a legitimate criterion upon which to erect a scale of equal pitches. If 
.this is so, then the pfesent results indicate that the mel-scale is not a valid scale 
of equal pitches for series judgment operations. Similarly, Garner has shown that 
a scale of equal discriminability erected on data obtained from absolute judgments 
of loudness does not agree with the loudness function based on other than series- 
judgment procedures. 

Cross-sensory limits. Both Miller” and Pollack have called attention to the ap- 
parent discrepancy between the estimated number of tonal jnds (about 340,000, 
according to Stevens and Davis") and the number seemingly manageable by the 
method of absolute judgment. Is this apparent inability to structure the pitch-dimen- 
«ion along absolute lines unique, or do we encounter similar difficulty with loud- 
ness and, indeed, with unidimensional experiences in other sense modalities? Pol- 
lack believes that Os have difficulty keeping track of more than 5 or 6 arbitrary 
designations along any one continuum, although he offers no evidence to support 
his view.” A few such studies may be found, however. Garner reports that the 
amount of information Os received about a series of 20 different loudness steps was 
roughly equivalent to perfect identification among only 3-4 stimuli” Apparently, 
our limitations in structuring the dimension of loudness along absolute lines are of 
early the same order as are those for pitch, being smaller if anything. 

A study dealing with absolute judgments in the sphere of spatial vision is ze- 
ported by Hake and Garner.” The object was to determine the minimal number of 
different pointer positions which can be used in a standard interpolated interval to 
transmit the maximal amount of information about a given event continuum. The 

* informational transfer in this case became asymptotic with ten pointer positions, a 
figure somewhat larger than the five which Pollack reports for pitch. 

Finally, Guilford, in discussing the optimal number of steps to be used in rating 
scales, notes that various investigators have placed the critical number of steps be- 
tween 5 and 9, depending on a number of considerations, including the training of 
the rater.” 5 

These findings, while fragmentary, suggest that the normal organism's capacity 
to structure experience in the absolute manner is crudely developed, provided we 
limit our consideration to experiences occurring along a single sensory dimension. 
From the point-of-view of biological survival, however, this inability appears not 
too distressing. The bulk of stimuli which individuals must unequivocally identify 
in an absolute manner involves the simultaneous stimulation of several experiential 
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™ W., R, Garner, An equal discriminability scaleefor loudness judgments, J. Exper. 

Psychol, 43, 1952, 252-2388. . 
G. A. Miller, Language and Communication, 1951, 49-50. * i 

* Pollack, op. cit. é 
?' S. S, Stevens and Hallowell Davis, Hearing, 1938, 152-154. ee 
* Pollack, op. cit. * 
? Garner, op. cit., J. Exper. Psychol., 43, 1952, 238. ; e e 
? Hakeeand Garner, op. cit., 358-366. 
* J, P, Guilford, Psychometric Methods, 1936,€267-268. 


e e e * 


14 HARTMAN 


dimensions." Requiring O, then, to perform certain operations, viz., absolute ji 
ments of pure tones, may be tantamount to requiring a type of performat 
rarely, if ever, undertakes, Future research, in addition to carefully exploring 
organism's capacity to make absolute discriminations in every experiential dim 
must undertake the problem of determining how judgmental accuracy improves 
the degree of patterning in the stimulus. 


SUMMARY AND CONCLUSIONS 


Four groups, each containing 3 Os, identified by number each of 9 
tones 48 times a week for 8 weeks, For any group, the 9 tones were 
rated by equal appearing pitch-intervals (either 50, 100, 200, or 300 mel 
For the first seven weeks, the correct answer was given after every j 


ment. No correction was given on the final week. Forgetting was meas 
after two months, 


mental series: (1) the number of subjective reference points which O 
set up between two limiting frequencies; (2) the rapidity with which 
points can be established; and ( 3) their stability. It appears, however, 
the number of tones which O can handle adequately by the method of 
solute judgment is quite small, perhaps 10, or less, by a reasonable 
terion. Certain indications suggest similar limitations for other modali 


? Miller (op. cit., 52), has stressed the róle pl identificati 
the perception of the complex sounds we call ae ee keai 


CONTIGUITY VS. DRIVE-REDUCTION IN CONDITIONED FEAR: 
THE PROXIMITY‘ AND ABRUPINESS OF DRIVE-REDUCTION 


By O. H. MowRER and L. N. SOLOMON, 
University of Illinois 


This study attempts to determine the conditions under which the re- 
sponse of fear becomes attached to an initially neutral stimulus. Many 
psychologists, following the lead of Hull? currently hold that all learning 
depends upon the occurrence of some form of drive-reduction. Since the 
development of a functional connection between a formerly neutral stim- 
ulus and the response of fear is a form of learning, these psychologists, to 
be consistent, must hold that the development of such a connection likewise 
is dependent upon drive-reduction. 

In contrast, others, including the present authors, believe that the drive- 
reduction formula, while useful in accounting for the selective learning of 
skeletal responses (‘habits’), is not adequate to account for certain other 
forms of learning—conspicuous among which is that involved in the 
acquisition of fear. Here, it appears, the conditions of reinforcement are 
provided by stimulus-contiguity.* 

Since one of the best ways of causing a neutral stimulus to acquire the 
capacity to elicit the response of fear is to pair that stimulus with an electric 
shock, the difference between the two theoretical positions just described 
can be reduced to very simple and very specific terms by saying that for 
Hull and kis followers this type of learning depends upon what happens 


* Accepted for publication October 22, 1952. The writers are indebted to Dr. 
Arthur L. Irion for suggestions regarding the design of the experiment. 

1C, L. Hull, Principles of Behavior, 1943, Chapter 6. 

2 Some writers, unjustifiably in our opinion, make a distinction between ‘con- 
tiguity’ and ‘seinforcement’; identifying the latter with drive-reduction and the* 
formfér with sheer stimulus-coincidence. ‘Reinforcement,’ it should be remembered, 
literally means a strengthening and is therefore equatable to learning itself. Thé 


term is thus generic and should not, we feel, be restricted to any particular type * 


of,learning. If there are two forms of learning—that produced by* drive-reduction 
(solution-learning) and that produced by contiguity (sign-learning)—then there 
are two forms of reinforcement: that produced by drive-reduction andethat produced 
by contiguity. Historically, the justification for using ‘geinforcement’ to refer ex- 
clusively to drive-reduction is especially weak since the term was initiall$ igtro- 
duced by Pavlov to refer, not to the learning produced by drive-reduction, but to 


that déveloped through contiguity, or so-called conditioning. (see Q. H. Mewrer, ° 


Learning Theory and Personality Dynamics 1950, Chapters 9 and 10; Two-factor 
learning theory: Summary and comment, Psychol. ker., 58, 1951, 350-354.) 
‘a 15 s de dr 
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when the shock terminates, whereas for those holding the other point off 
view this type of learning is dependent upon what happens at sho 
onset. 


One of the earliest attempts to test differential predictions based on these t 
theories was an experiment carried out by Suter and Mowrer in 1947.’ In one g 
of Ss (laboratory rats), a signal was turned on for 5 sec., then, turned off and) 
immediately followed by an electric shock for 10 sec. In a second group of Ss, the) 
same type of signal (a blinking light) was turned on for 5 sec. but then, instead 
being turned off, was left on throughout the 10-sec. period of shock. In the 
group, the signal thus coincided with shock onset but not with shock terminatio 
whereas in the second group, the signal coincided with onset and termination, It w 
reasoned that if shock termination were the crucial event in connecting the responsi 
of fear to an initially neutral stimulus, then that response would become mo 
strongly connected with such a stimulus if the stimulus coincided with shock termini 


Several objections can be, and indeed have been, urged against this experiment, bi 
it sharpened the issue and suggested further research." N 
As an advance over the Suter-Mowrer experiment, a second experiment was at 
scribed by Mowrer as follows: 


If the reinforcement for fear kanning occurs when the noxious stimulus whit 


is forecast by a signal terminates, and if that signal lasts only until the onset of th 
noxious lus, 0 


There is another possibility of testing the view that fear learning is dependet 
upon what happens when the noxious, or ‘unconditioned,’ stimulus terminates. In un 
November, 1949, (mimeographed) version of Hull's formal system of pos! 
there is a corollary of an earlier proposition which runs as follows: 

, When neutral stimuli are repeatedly and consistently associated with the 
tion of a primary or secondary drive and this drive rides an errat 4i 
|. *Mowrer, 1950, op. cit., Chapter 10. 
*N. E. Miller, on. multiple-process concepti i ci 
PRE RA 1 die.) d ded ceret 
sSychology, 1951, 446; J. J. Kendler, Reflections and confessions of a reinfo! 
theorist, Psychol. Rev, 5 1951, 366-374; F. D. Sheffield, The Lane pt 
* Mowrer, 1951, op. cit., 351. * AY Bow ener ý 
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tion, the hitherto neutral stimuli acquire the capacity to bring about the drive stim- 
uli (Sp) which thereby become the condition (Co) of a secondary drive or motiva- 
tion (italics added) ." 


By way of commentary on this statement, Mowrer replied as follows: 
LI 


What this statement means, in part, is that when a neutral stimulus is ‘associated’ 
with the occurrence of a primary drive, such as electric shock, the neutral stimulus 
will become capable of eliciting a secondary drive or motive—in this case, fear. This 
much of the statement is manifestly true. However, the implication that the learn- 
ing here involved is dependent upon an 'abrupt diminution' in the primary drive 
is questionable. The results of the researches [of Suter, and Traum and Horton] 
just reported indicate that it is drive onset, rather than drive ‘termination,’ which 
is the important event in this kind of learning. Believing that drive diminution 
is the crucial event in this connection, Hull states that the acquisition of a secondary 
drive (such as fear) will occur only, or at least optimally, when this diminution 
is abrupt. I predict that experimentation would show that fear conditioning is not 
significantly influenced by the abruptness, or the lack of abruptness, with which 
the primary drive (unconditioned stimulus) is terminated. On the other hand, I 
should expect that fear conditioning would be influenced by abrupt vs. gradual 
onset of the primary drive. Confirmation of the first or, more particularly, of both 
of these predictions would discredit Hull’s first corollary. Such confirmation would 
add support to the assumption that reinforcement in the sense of drive reduction 
is not relevant to the explanation of secondary-drive acquisition and to the assump- 
tion that there are two instead of only one type of reinforcement: effect [drive 
reduction} and contiguity.” R 


®The investigation which is described in detail below was therefore de- 
signed to test two inferences which flow directly from Hull’s systematit 
position: (1) that a signal which is followed by an electric shock of brief 
duration will arouse a stronger fear than will a signal which is followed 
by a shock of long duration; and (2) that a signal which is followed by 
a shock that terminates abruptly will arouse a stronger fear than will a 
signal which is followed by a shock that terminates gradually. Neither of 
these inferences is supported by our findings. 


? METHOD AND PROCEDURE 


Subjects. 'The Ss used in this study were 40 laboratory rats from the University's 
colony. They consisted of 37 albino and 3 hooded animals, ranging in age from 3 
to 6 mo. Each of the four experimental groups contained five male and five female 
animals, with age and other variables balanced. The four groups will here be desig- 
nated as Groups I, II, III, and IV. * 

Abparatus. The apparatus employed in this experiment has been described i 
detail elsewhere Briefly, it consists of an elongated box, the floor of which is a grid . 
which can be charged electrically. At the left end of the box is a Skinner bar and 
food-delivery mechanism; but for present purposes this mechanism was disconnected 
(to avoid noise) and the food (small pellets of Purina Laboratory Chow) was 


oo 
* Hull, Essentials of Behavior, 1951, 25. —— $. 
1 Môwrer, Learning Theory and Personality Dynamics, 1950, 293-294. e E 
* Mowremand Miller, A multi-purpose learning demonstration apparatus, J. Exper. 
Psychol., 31, 1942, 163-170. e 
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‘allowed to obtain 5 Pellets of food (as opposed to 20 on the first day), ri 
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delivered manually into the eating trough whenever the bar was depressed suf 
ficiently to cause a small light (visible only to the experimenter) to glow, On th 
interior rear wall are two 7l2-w. electric lamps which provide illumination a 
which, when blinked on and off at the rate of 4~ per sec., constituted a very satis 
factory stimulus for conditioning purposes. : 
In the present investigation, this apparatus was divided, by means of a vertid 
partition, into two parts, each of which contained one of the two electric ight 
referred to. The compartment thus formed on the right was used for associati 
the blinking light with electric shock (fear conditioning), while the left compartme 
was used for training and testing the Ss in a bar-pressing habit which will b 
described more fully below. To make the two halves of the apparatus striking 
different, a false interior (four walls and ceiling) of white cardboard was inserted) 
On the right side, which contrasted with the walnut-stained wooden interior on t 
left. To increase further the contrast, the floor-grid in the left compartment 
covered with a piece of plywood. The plate glass comprising the front of the 3j 
Paratus was covered on the left side with colored cellophane, thus providing on 
way vision into that half of the apparatus when illuminated from the interior, Ob 
servation of $ in the right compartment was made possible by means of a mitt 
placed at an angle beneath the floor-grid of that compartment. 
The electric shock administered from the floor-grid of the right compartmen 
consisted of 165 v, of 60~ alternating current with a limiting resistance of 175, 
ohms, applied for the varying periods of time described in the following section. fi 
order that the shock could be turned off gradually as well as abruptly, a potentiomet 


Training procedure. All of the Ss used in this experiment were treated exactly 
alike except for the nature of the electric shock to which they were exposed. Thej 
were deprived of food for 48 hr, and then, individually, were put into the left side 
of the apparatus. Here they found a small metal bar which, when slightly depressed 
prompted E to place a pellet of food in the eating trough. On the first day S was left 
in the apparatus until it had pushed the bar and obtained food 20 times. It Wis 
then returned to its cage and satiated by having access to wet mash for 30 min. E 
the end of this time it was placed back in the apparatus, but now in the right-hand 
compartment, where, at the end of 5 min., the light blinked for 3 sec. and 


some tendency to show a generalized fear-reaction; but its hunger soon drove it ! 
seek and obtain food by bar-pressing. On this, the second day of training, every 5 WS | 
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to its home cage, satiated, and then given a fear-conditioning trial in the right side 
of the apparatus, just as on the first day. The procedure employed on the second day 
was repeated on each of the next three days.” 

In brief, then, the over-all training procedure was as follows. On the first day, 
every $ had 20 bar-pressing trials and one fear-conditioning trial, while on the 
following 4 days, every $ had 5 bar-pressing trials and one fear-conditioning trial. 
In all, every S received 40 bar-pressing trials and 5 fear-conditioning trials. In 
essence, what this training did was to build up a clear discrimination on the 
part of $ between the left compartment, as place-where-food-is-obtained, and the 
right compartment, as place-where-shock-follows-blinking-light. By the fifth day, 
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Fic. 1. SCHEMATIC REPRESENTATION OF THE DIFFERENT FORMS OF 
‘UNCONDITIONED STIMULUS’ (SHOCK) 
The signal, or ‘conditioned stimulus,’ was a blinking light of 3-sec. duration, which 


was followed in each of the four groups of Ss by a shock of the duration and 
form shown. 


. 
this discrimination was so well estabilshed that $ pressed the bar and ate freely 
when put into the left compartment, whereas it was obviously frightened when* 
put into the right compartment, and particularly so when the blinking light was 
presented.” z y 


? The animals were run through this training procedure in lots of four, one in 
each of the four groups. Ten repetitions of the total procedure were thus rgqujred 
to run all 40 of the animals. e 

? Tt should be said that the animals were satiated before being put into the sight ^ 
compartment, in order to make the experience of being in that compattment (white 
environment, grid-floor, no hunger) as differentgas possible from the experience 
of being in the left compartment (brown environment, wooden floor, hunger), thus ' 
facilitating the discrimination alluded to above. TRA Oo. 
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Testing procedure. The object of the training procedure just described was 
taneously to set up a bar-pressing habit in response to hunger and a fear fe 
to the blinking light, and then to measure the strength of the latter as a ful 
of its capacity to inhibit the former. The test of this capacity was carried out 
following way. On the day after the 5-day training procedure, every $ Wa 
into the left compartment of the apparatus, with a 23-hr. hunger-drive as 
but instead of being permitted to push the bar and obtain food only a limit 
ber of times, $ was allowed to push the bar and obtain food as many tin 
wished during an initial 5-min. period. This period of free responding establi 
so to say, S's normal response-rate. 

At the end of the 5 min., the procedure was so changed that, for an addit 
period of 25 min, whenever $ pressed the bar, the light which illumina! 
left half of the apparatus, where $ now was, blinked for 3 sec., just as the 
in the right half of the apparatus had done on the preceding 5 days befor 
onset of shock. Fear acquired by the blinking light in the right half of the aj 
atus now generalized to the blinking light in the left shalf of the apparatu 
acted as a punishment to S for having pushed the bar. The extent to which th 
Pressing response was thus inhibited was taken as an index of the extent to} 
the blinking light in the right half of the apparatus had acquired the ¢ 
to produce fear." 

RESULTS b 


„a The results obtained for each of the four groups of Ss on the tesl 
are shown graphically in Fig. 2. As will be seen, the groups wet 
pletely indistinguishable during the 5 min. of free, unpunished 
pressing, showing that they were homogeneous in terms of traini 
other characteristics. More than this, however, there is no statistical 
nificant difference between any of the groups affer the danger signal 
introduced, thus indicating that the amount of fear conditioning 0 
ting under the four conditions employed was roughly the same. That 
conditioning had occurred and that this particular technique»afford& 
efficient way of demonstrating it is indicated by the decided drop if 
rate of bar-pressing as soon as the blinking light was introduced. T 
is no statistically trustworthy evidence that either the proximity 0 


„ Abruptness of shock termination is a significant variable in this 
learning. 


gous to such parental ‘warnings’ or ‘reminders,’ 
termed secondary punishment, just as reduction i ( 
O. H. Mowrer, Secondary reinforcement in two-factor learning theory (in P 


ee 
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As Fig. 2 indicates, the 5s of Group I were actually less inhibited by the 
blinking light than were the animals in the other three groups. This dif- 
ference, it will be noted, is in the direction opposite to that demanded by 
Hull's formulations. The Ss of Group I received a shock which lasted only 
3 sec, and ended abruptly—conditions which, if we interpret Hull cor- 
rectly, would be expected to lead to maximal fear-learning! Common 
sense would, of course, predict the reverse; namely, that the briefer the . 
duration of the shock the less the fear-learning, and our results are in 
line with this expectation, While the 3-sec. shock group does not differ 
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Fic. 2. CURVES SHOWING THE INHIBITION OF THE HUNGER-MOTIVATED RESPONSE* 

"The*amount of inhibition produced in Groups II, III, and IV is virtually identical, 

and the difference between these groups and Group I, while probably representing a. , 
real trend, is not highly significant statistically. 

reliably (the 10% level of confidence) from the other thnee groups, it ' 

seems likely that we have here the beginning of «a tendency which, could 

almosf certainly be demonstrated if the shock were made very brief, say, « 

0.5-sec, duration; it is virtually certain that it would be reliably less ‘effec- 

tive in producing fear than would a shock ®f longer duration. , 
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The finding that a brief shock produces less fear-learning tha 
Protracted shock may prove mildly troublesome for contiguity 
since in both cases the signal coincides with shock onset, 
clearly indicate, however, that fear-learning has nothing to do wil 
happens when the noxious stimulus of which the fear is premonit 
off. This proposition is well established by the fact that systemati 
tion of both the abruptness and the proximity of termination 6 


does not produce the kinds of difference in fear-learning de 
drive-reduction theory. 


Discussion 


The legitimacy of the first deduction tested; namely, that a M 
drive-reduction theory of learning would require stronger fear con 
ing with a brief shock than with a protracted one, is well indicat 
following quotation from Miller. 


In order to stick to a consistent drive-reduction theory of reinforcement 

‘orced to assume that the reinforcement for learning to dur a painful eve 
Onset of the pain, but its reduction, This seems to be a direct conti 

of all that is reasonable, . . . I agree that this a 

teduction goes against common sense; I feel un 


by Bravity, or a light stone falling as fast as a h 
That is the reason for stubbornly insisti; 


, the present investigation h à 
been carried out, only projected; but an experiment by Sullivan 
been completed and was described by Miller as follows. | 

Sullivan used a change in a pattern of li 


lights as the CS [conditiortd s 
a 90 db., 1000— tone as th ed simul] and recorded. 


More recently Bitterman, Reed, and Krauskopf reviewed this 
> t 
NM E. Miller, Comments on multiple-process conceptions of learning, f 
> = L 
ai lip Sullivan, Some factors affecting the conditioning of the galvanic sl 
sponse, Unpublished Ph.D. dissertation, State University of Iowa, 1930, | 
D ler, op. cit., 376, 
E 


> 
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with the following comment:*® 


Analysis of the conditioning data showed a significant difference in favor of the 
first group, but since (as Sullivan was careful to point out) the response level 
of this group was higher from the outset, the data permit no clear conclusion 
with respect to the validity of the hypothesis under scrutiny. In view of the 
initial difference between the groups, the fact that the extinction-scores showed 
no systematic differences may be taken as evidence against the hypothesis, but neither 
Sullivan nor Miller remarks upon this possibility.” 

In view of these ambiguities, Bitterman, Reed, and Krauskopf have 
conducted a somewhat similar experiment which appears to have been 
better controlled and from which they conclude “that the conditioning 
and extinction of the GSR are unrelated to the duration of the uncondi- 
tidned stimulus, at least over the range of values studied in the present 
experiment; the onset rather than the termination of the US seems to be 
the crucial factor in cohditioning. This finding, which is in accord with 
the principle of contiguity, weighs heavily against the Hullian view."!? 

Like findings have been reported by Coppock and Chambers.'* In one 
group of 10 adult men, they recorded the extent to which the galvanic skin 
reaction became conditioned to a signal when the unconditioned stimulus 
consisted of an electric shock of 0.5-sec. duration. In another group of Ss, 
the same procedure was followed except that the shock lasted for 3 sec. ; 
and in a third group it lasted for 15 sec. On the basis of their findings, 
these writers conclude: 

We find no evidence of a gradient of reward in the conditioning of the GSR. 
Within the limits of the present experiment, classical conditioning occurs as well 
without closely associated need reduction as with it. This particular autonomic re- 
sponse, the GSR, can be conditioned by simply associating a neutral stimulus with 
the beginning of electric shock. This finding fails to support our interpretation 
of Hull's negd-reduction theory of learning, but it lends support fo the theories 
of Schlosberg, Skinner, and Mowrer.^ 

Presumably the way in which fear-learning is supposed to take place in 
tetms of drive-reduction theory is as follows. The signal occurs, followed 
by the noxious stimulus which elicits the fear, and when the noxious 


" M. E, Bitterman, P. C. Reed, and J. Krauskopf, Conditioning and extinction 
of the galvanic skin response as a function of the duration of the unconditioned © 
stimulus, this JoURNAL, 65, 1952, 257. 

u Miller does, however, suggest that the experim£nt should be repeated, "with 
a control for the possibility that the responses of Group 2 were depressed by a 
greater amount of negative adaptation which may have occurred during the presen- 
tations of the longer tone” (Miller, op. cit., 376). 3 

* Bitterman, Reed, and Krauskopf, op. cit., 262. es 

*'H. W. Coppock, and R. M. Chambers, Prior, immediate, and delayed reward 
in condftioning the galvanic skin response, Paper read at the Midwestesn Psychofogi- 
cal Association, Chicago, 1951. 

? Ibid., 3, italics ours. e 
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. ture, becomes more firmly connected to a drive whenever reduction in 
intensity of that drive immediately follows such an act. It has been 
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stimulus terminates it reinforces the connection between the signal 
the fear as well as the connection between the noxious stimulus nd 
fear.2° The mechanism of fear-learning is thus made essentially thes 
as that whereby an overt, behavioral act, mediated by the skeletal muse 


peatedly shown, however, that reactions mediated by the autonomic nen 
system (such as the galvanic skin reaction and, presumably, also fear) do 
work this way. They can be conditioned to a new, initially neutral $ 
ulus, but they cannot be learned as an instrumental, problem-so 
response.?* 

The Coppock-Chambers experiment provides further evidence 
this connection. Since the GSR is a long-latency response (often takin 
to 5 sec. to reach a maximum), it is clear that an electric shock wl 
lasts for only 0.5 sec. will be over before the response it produces 
occurred. The termination of the shock cannot, therefore, reinforce’ 
fear-response in the sense of rewarding it for having occurred. In 
connection Coppock and Chambers say: 


: ] of view is still further substantiated by exp 
mental findings which will be reported shortly by Mowrer and Aiken 


SUMMARY ; 

In his attempt to derive a maximal imoni arni 
MO d ; y parsimonious theory of learnit 

Hull posited that in the final analysis all learning is dependent upon ! 


y 

Hull, Principles of Bebavior, 76 ff. 
BMowret, Learning Theory d, 7 i 7 ^ 
En € Ting if peter Dynamics, Chapter 9. 
Mowrer and E, G. Aiken, Coni 
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‘primitive reinforcement’ which occurs when a drive is ‘significantly re- 
duced or terminated. While there is good evidence that that form of 
learning commonly known as trial-and-error or problem-solving does in- 
deed depend upon dréve-reduction, there appears to be another, very dif- 
ferent form of learning, which is dependent upon drive-induction. The 
purest example of the latter kind of learning is that which occurs when 
the response of fear becomes connected to an initially neutral stimulus 
as a result of that stimulus having been associated with the onset of a 
painful, noxious stimulus of some sort. 

It is formally stated as part of Hull’s system that learning occurs best 
(a) when the reinforcing state of affairs provided by drive reduction is 
tefhporally proximate rather than remote and (b) when reduction of the 
drive is abrupt rather than gradual, In the investigation here reported 
(40 laboratory rats were the Ss), it has been found that acquisition by an 
initially neutral stimulus of the capacity to elicit fear is not dependent 
upon either the proximity or the abruptness of drive-reduction, but is 
instead contingent upon what happens when the noxious, painful stimu- 
lus first occurs. This finding, supported by the results of other experi- 
ments which are cited, suggests that there are two distinct kinds of learn-. 
ing, solution-learning and sign-learning, rather than just one kind, as Hull’s 
system presupposes. 


CONTIGUITY VS. DRIVE-REDUCTION IN CONDITIO) ED 
FEAR: TEMPORAL VARIATIONS IN CONDITIONED | 
AND UNCONDITIONED STIMULUS 


By O. H. Mownrer and E. G, AIKEN 
University of Illinois 


The writers, who hold that all learning is dependent upon what ki 
pens when a drive is reduced, are required, by the nature of their the) 
to assume that when a neutral stimulus precedes or accompanies a nox 
One, the neutral stimulus acquires the capacity to clicit fear because 
state of affairs provided by the termination of the noxious stim 
From this it follows that, other things being equal, the closer a neul 
stimulus, or signal, is in time to the termination of the noxious stimuli 
the more potent will it become with respect to its capacity to producet 
fear-reaction. The present writers, on the other hand, believe that 
"learning is dependent, not upon what happens when the noxious stimu 
terminates, but rather upon events connected with its onset. 

In a preceding study these two alternative theories were tested] 
holding the relationship between the onset of the neutral and the noxio 
stimulus constant and by varying the proximity or abruptness of the ter 
nation of the latter? In the Present experiment essentially the S 
theoretical issue is attacked but by a different method. 

As indicated in the Preceding study, the question of precisely how fe 
are learned is of major importance in determining whether there aret 
basic kinds of learning or only one. If the results of the preesnt investi 
tion indicate that fears are learned because of what happens when a nO 
ous stimulus occurs rather than when it disappears, there will be furl 


present experiment is also designed to bear upon Hull's corollary © 
garding the nature of Seconilary reinforcement, E 


* Accepted" for Publication October 22, 1952. The writers are indebted to D 
Arthur, L. Irion for suggestions regarding experimental design. 
E i Hull, eae of Behavior, 1943, 422, n 
a". H. Mowrer and - Solomon, Contiguity vs, drive reduction in far % 
ding: Thé proximity and abruptness of drive reduction, this JOURNAL, 67, 19 | 
25; 2 3 p 
* Hull Behavior Postulates and corollaries, Psychol. Rev., 57, 1950, 173-1802 
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The purpose, then, of this study is two-fold: (1) to determine whether 
fear-learning occurs more readily when the initially neutral stimulus to 
which this reaction becomes attached is temporally contiguous with the 
onset of shock or temporally contiguous, as Hull’s formulations would 
seem to require, with the termin&tion of shock; and '(b) incidentally, 
to clarify the relationship between the conditions under which a secondary 
drive such as fear is acquired and the conditions under which an initially 
neutral stimulus becomes capable of producing, not secondary motiva- 
tion, but secondary reinforcement. 


METHOD AND PROCEDURE 


Subjects. The Ss used in this study were 50 laboratory rats from the University's 
colony. They consisted of 46 albino and 4 hooded animals, ranging in age from 
3 to 6 mo. Each of thesfive experimental groups contained five male and five 
female animals, with age and other variables equated. The five groups will be 
designated as Groups I, II, III, IV, and V. 

Apparatus. The apparatus employed in this experiment is exactly the same as 
described in its companion study.* 

Training procedure. 'The training procedure employed in this experiment was the 
safhe for all Ss except for the difference in the type of fear-conditioning they 
received, 4 

'The procedure on the first day for all animals was as follows. Having been 
deprived of food for 48 hrs. S was put into the left half of the apparatus and 
left there until it had pushed the bar and obtained food (a small pellet of Purina 
Laboratory Chow) 20 times. It was then returned to its home cage, allowed access 
to wet mash for 30 min., and then taken back again to the apparatus and put into 
the right-hand compartment. Here, after an interval of 5 min., the 7Y5-w. light 
which illuminated the interior of that compartment was turned on and off at the 
rate of four cycles per sec. for a period of 3 sec, in association with an electric 
shock (165- AC with a limiting resistance of 175,000 ohms) according to the 
various combinations of light and shock shown in Fig. 1 for the 5 groups. As will 
be seen from this diagram, Ss of Group I received the blinking light just before 
the shock came on; those of Group II just after the shock came on; of Group III 
just before the shock went off; and of Group IV just after the shock went off. 


The Ss of Group V served as a kind of control in that the blinking light was not . 


temporally associated with the shock at all; instead the light occurred 2 min. 
after the termination of the shock. In all cases the Ss were left in the right com-e 
partment for 5 min. after the shock was terminated, making a total of 10 min. in this 
compartment, with shock in the middle. The Ss wefe then returned to their home 
cages and left there without food until the next experimental session, approximately 
23 hr. later. : 

On the second day of training and the three following days, the procedwre evas 


exactly the same as on the first day, except that instead of being allowed to push e 
e 


e 


LJ 
* Mowrer and Solomon, op. cit., 17-19. € 
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the bar and get a pellet of food in the left compartment 20 times, & 
allowed to do so only 5 times. In the course of the five days of trainit 
thus made 40 reinforced bar-pressing responses and had five fear-coi 
trials, the latter varying as regards the particular way in which the & 
stimulus (blinking light) was associated with the unconditioned stimulu 
in the five different groups, as already indicated. 
The purpose of this training procedure was to set up a clear 

between the left half of the apparatus, as place-where-bar-pressing-p 
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Fic. 1, SEREATIC REPRESENTATION OF THE Five DIFFERENT ARRANGEMI 
ONDITIONED (CS) AND UNCONDITIONED STIMULUS (UnCS) 


The "conditioned stimulus’ (a blinking light) i is 
x 0 (i in G v not imm 
associated with the unconditioned emule ene shack) iiam way, È 


Presented alone, 2 min, after the UnCS had terminated. bE 


diff à e central objective of this experiment was to determin 
ferences, if any, emerge in the Conditioning of the fear-reaction as 4. 
having the conditioned stimulus associated with the unconditioned stimulu 
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ways specified. At the same time that this type of training was occurring, our Ss 
were also learning to press a small metal bar as a means of obtaining food. In the 
final, the testing part of the experiment, the fear-learning was measured as a func- 
tion of its capacity to act as an inhibitor of bar-pressing. This was done in the 
following way. : f 

After the five days of training, every S, motivated as usual by a 23-hr. hunger- 
rive, was put into the left side of the apparatus and allowed to press the bar and 
obtain food, unobstructedly for 5 min, This procedure estabilshed S's normal rate 
of response. Then, for an additional period of 25 min, every S, upon pressing the 
bar, experienced the blinking light for 3 sec. To the extent that fear had become 


| eer vs ee en y ——— 
K 10 16 20 25 30 
‘Minutes 


Fic, 2. CURVES SHOWING THE INHIBITION OF THE HUNGER-MOTIVATED RESPONSE 


attached to the blinking light in the right compartment it generalized to the blink- 
ing light in the left compartment and acted as a ‘secondary punishment’ of the bar- „ 
pressing behavior.’ Thus the amount of depression in bar-pressing provides an index 
of the amount of fear-learning that has occurred during the preceding training 
days. The results for the five groups of Ss used in this expériment are shown in Fig. 
2. * 
RESULTS e S 
Inspection, as well as an F-test, indicates that our five groups of Ss did , 


not differ significantly in their bar-pressing performance during the first 5 
£g ———— 


* Ibid., 20. Tu 
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min. of the testing-period. When, however, the blinking light was ih 
duced the groups diverged markedly. As will be seen, the Ss of co 
inhibited most strikingly, with Groups II, IIT, IV, and V following) 
that order. As might have been expected, the Ss of Group V—for; 
the blinking light had not been associated with the shock at all, only; 
the situation in which the shock occurred —showed only a slight, th 
tory ‘dip’ in their performance when the light was introduced, 1 


TABLE I 
Sratisricat ComPanisons or tH MAGNITUDE Or TH Dirrexences AMONG 
Groups I-V in Terus or THe T- ann P-vacurs, 
The raw data for these comparisons was taken from the sixth 
to the twentieth minute on the test-day 


Groups I I Iu wl 
Il t=2.316 
P= .047 
Il tma. t= .8: 
Pabelow „Or P= v 
IV 179.835 122.287 t= 1.673 
P= +01 Pm ,049 P= ais 
Vv t=17.414 t= 3.636 t= 3.484 Lee 
P=below or P= E Pabebv .01 P=.0 


quickly recovered their normal bar-pressing rate and gradually sili 
their hunger, as indicated by the declining curve. Groups IV, III, an 
showed a more marked tendency for their behavior to be impeded by) 
light, but it was in Group I that this interference was most striking. 
gradual rise in the curve of Group I after introduction of the blink 
light represents extinction of the fear attached to it; if these Ss had! 


allowed a longer time in the apparatus, they, too, would have presum! 


bar-pressing scores of various pairs of ing the cs 
uL dr E pairs of groups of Ss during | 
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Discussion 


The results of this study show decisively that the pairing of an initially 
neutral stimulus with the onset of a noxious stimulus, such as electric 
shock, leads to more €ffective fear-conditioning than does the association 
of such a stimulus with the termination of the noxious stimulus. Such 
a finding is consistent with common-sense observations and what one 
would suppose to be sound biological principles, but it is inconsistent 
with the deductions which follow from Hull's postulates. Biologically, a 
‘signal’ which occurs after an event has already happened is not much use, 
and it is therefore reassuring to find that nature’s wisdom (evolution) has 
provided that an incidental stimulus which immediately precedes an event 
(in this case a noxious one)—and is thus most likely to make adaptive 
behavior possible—leadg to more efficient conditioning than does a ‘signal’ 
which occurs later. 

A ‘signal’ which occurs long after a noxious event is, of course, almost 
completely worthless to an organism; and we find, appropriately enough, 
that the Ss of Group V—for whom the blinking light followed the shock 
bye2 min.—showed only passing interest in this stimulus. Presumably 
such inhibition as it did produce was due to second-order conditioning. * 
Since the ‘situation’ provided by the right half of the apparatus had been 
paired with shock, it took on some fear-producing properties; and since 
the blinking light occurred there, it would likewise be expected to acquire, 
in appropriately attenuated form, some capacity to elicit fear. Biologically, 
this makes sense. It is worth something to be able to be at least a little 
afraid of a stimulus that 'reminds' us of a situation in which we have 
previously had trouble. It also seems appropriate that an organism should 
not be very “markedly disturbed by such a stimulus when it occurs in an- 
other situation (like the left side of our apparatus), in which the organism 
has reason to supposest is really pretty safe.9 

The results reported in this study make it apparent that the best place 
for a stimulus to occur if it is going to acquire the capacity to produce fear 
is just before the onset of the so-called unconditioned stimulus. They also 
show, however, that some learning will occur even though the incidental 
stimulus occurs after the onset of the noxious Stimulus. Since two-factor 
learning theory stresses, in connection with fear-acquisitiog, the im- 


= 

° The blinking light, while in no way painful, would undoubtedly have “sore 
distracting properties if introduced de novo in the bar-pressing test, but any effect of 
novelty was presumably eliminated by virtue of this stimulus having beet experiented 
a number of fimes in the right side of the er pe Such inhibitory effect as it 
actually had was therefore probably due to secondforder conditioning of the kind 


described above. Cbr Ment 
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portance of what happens at the onset of shock (or other painful experi- 
ence) rather than what happens at its termination, the fact just cited 
might be said to constitute something of an embarrassment for such a 
theory. It may indeed be that some qualification will eventually have to be 
made in respect to this emphasis upon the coincidence of CS with the 
onset of the UnCS; but other Possibilities have not yet been thoroughly 
explored. One might, for example, say that while a signal gets condi- 
tioned to fear best if it immediately precedes the onset of pain, such an 
incidental stimulus becomes somewhat conditioned to this reaction by 
virtue of the pain continuing coincidental with the stimulus, 

There is the fact that the Ss of Group IV showed some fear-condi- 
tioning despite the fact that in their case the ‘signal’ appeared just after 
the shock terminated. To be sure, this form of ‘conditioning’ is not very 
effective, but it nevertheless occurs. How can it be explained? One pos- 
sibility is that it is not so much contiguity of signal and pain that is im- 
portant in fear conditioning as it is contiguity of signal and the fear- 
reaction itself. Since the fear-reaction continues to occur rather strongly 
for a time immediately after cessation of the shock, conditioning might 
continue to be a real, though diminishing, possibility. Or one might 
argue that in the latter case, and perhaps even in those cases where the 
incidental stimulus overlaps (but does not precede) the shock (Groups II 
and IIT), the totality of environmental stimuli ie, the ‘situation’ becomes a 
kind of substitute (second-order) ‘unconditioned stimulus’ with which 
the specific ‘conditioned stimulus’ is associated, We have already seen a 
slight tendency for the paiting of the blinking light and the shock- 
situation (right side of apparatus) to lead to some fear-learning (Group 
V). How much mote potent the purely situational factors might be ex- 

` pected to be during or just after the shock! 

These, obviously, are complicated questions on which we at present have 
very little information. In conceding the existence of this problem, we do 

, hot, however, compromise our position that it is not shock-termination, 
or ‘relief,’ which is important in fear-conditioning. Regardless of whether it 
is precisely the ‘onset’ of pain or something else that provides the reinforce- 
ment involved in fear-leasning, there is no indication that pain-reduction 
is the crucial determinant in this connection. 5 
Alternative interpretations. Apologists for Hull's hypothesis that a// 
leaning is ultimately” dependent upon ‘primitive reinforcement’ (drive- 
reduction). have shown considerable resourcefulness in re-interpretating 
experimental findings which, in plain fact, 8o counter to thi hypothesis. 
Theses te-interpretations are often put forward in highly specialized 
> : 
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language, but it commonly turns out that when they are stripped of 
their semantic complexity they have a patently ad hoc quality and are often 
“mutually incompatible. We may anticipate some of the alternative pro- 
posals which will probably be made with respect to the present findings. 


Miller and Dollard have long been aware of the possibility that Hull's monistic 
conception of learning theory may be in some respects inadequate;’ and in con- 
sidering this possibility they have made the following suggestion, which they 
repeat in their more recent volume" They say: 

Electrical recording of the responses of afferent nerves indicates that the sudden 
onset of a new stimulus produces at first a strong burst of impulses from the sense 
organ which rapidly diminishes in strength till a plateau of stimulation is reached.” 
This diminution is called adaptation. According to the principles which have been 
Outlined, such a reduction in strength of stimulation should, if marked enough (as 
might be the case following the sudden onset of a relatively strong stimulus), 
act as a reward to any responses associated with it. Careful experiments may reveal 
that such a mechanism accBunts for certain cases of learning which might super- 
ficially appear to be exceptions to a rigorous drive-reduction theory of reward. 


Applied to the present experiment, what does this conjecture imply? It implies 
that reward through ‘drive-reduction’ may occur immediately after the onset of an 
electric shock, as well as at its termination. If this be true; then much of our 
reasoning may be impugned. There is, however, this saving circumstance: Miller 
and Dollard's learning theory, like that of Hull, is in essence a drive-response- 
reward theory; and in the present investigation we are dealing with the response 
of fear. This response, we know, has a relatively long latency, often as much as 1- 
2 sec.; whereas the Adrian 'on-effect is measured in terms of milliseconds. Any 
reward which might conceivably be connected with this phenomenon would, there- 
fore, have been over long before the fear-reaction took place. While the evidence 
is not yet definitive, it favors the view that responses mediated by the central 
nervous system (the behavioral, ‘voluntary’ ones) are reinforced only by rewards 
that follow them, not by rewards that precede them; and the indications are 
that responses mediated by the autonomic nervous system (emotional, ‘involuntary’ 
ones) are not @nfluenced by reward at all.* Thus the suggestion that acquisition by 
the blinking light of the ability to elicit the fear-reaction in the present investiga- 
tion was dependent upon a form of reward made possible by the Adrian ‘on-effect’ 
would seem doubly doubtful: doubtful because this effect occurs before rather than 
after the fear-reaction, and doubtful because the fear-reaction seems to differ funda- 
mentally from overt, behavioral responses in not being reinforceable by reward. 

Or gn argument might be advanced somewhat as follows. It might be said, 
in common-sense terms, that once the electrical shock came on, our rats were So 


: ` 
* N. E. Miller and J. Dollard, Social Learning and Limitation, 1941, 35, footnote. 
a Dollard and N. E. Miller, Personality and Psychotherapy, 1950, 46, 47, foot- 
we D. Adrian, The Basis of Sensation, 1928, 67,116. ° buc 
& Miller and Dollard, 1941, op. cit., 35. ° à 
M. Q. Nagaty, The effect of reinforcement on closely following S-R,connectiqns: 
I. The effect of a backward conditioning procedure on the extinction of conditioned 
avoidance, J. Exper. Psychol., 42, 1951, 239-246. € : 
Mowter, 1950, Learning Theory and Personality Dynamics, Chapter 9. . 
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distracted by it that they did not notice nor attend to the blinking light.” If tru 


trary, that as One moves the CS toward Uncs termination, the poorer the fear-con- 
ditioning becomes, 


A 
,Pretation of the results of the present investigation is the following. Since, in ‘the 
Procedure of Group I, the blinking light goes off (stops blinking) just as the shock 


than Strikingly different results, If We assume, however, as we reasonably may, 
that a ‘stimulus’ is a function not only of the immediate presence of its objective 
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seems to have meant—although his writings on this score are ambiguous— 
a conditioned form of ‘primitive reinforcement’; whereas for us this term 
means merely the reinforcement that occurs when a secondary drive is 
reduced. In any cases secondary motivation and secondary reinforcement 
are manifestly different —not to say antithetical—and it would seem most 
anomalous if they developed under identical circumstances. This issue is 
being considered at greater length elsewhere ;** but it is appropriate here to 
ask what bearing, if any, the findings of the present experiment have upon 
it. 

If we take an uncomplicated, unqualified view of the hypothesis that all 
learning is dependent upon drive-reduction, then we might expect that the 
procedure of Group III would have been the optimal one, not only for 
the acquisition by the CS of the capacity to elicit fear (secondary motiva- 
tion), but also for acquisition of the capacity to provide secondary reinforce- 
ment. In this procedure a stimulus is “repeatedly and consistently associated 
with the evocation of a primary . . . drive and this drive-stimulus under- 
goes an abrupt diminution,”?® and the incidental stimulus is maximally 
ngar the drive diminution, thus providing, ostensibly, the best of all con- 
ditions for the acquisition by "the hitherto neutral stimulus [of] the ca~ 
pacity to bring about... a secondary drive or motivation.”? Thus, the 
blinking light in the procedure of Group III should have led to maximal 
conditioning of fear. Likewise, in this same procedure, “ a neutral receptor 
impulse . . . occurs repeatedly and consistently in close conjunction with a 
reinforcing state of affairs [drive reduction]" and thus would "itself ac- 
quire the power of acting as a [secondary] reinforcing agent."!* Since the 
blinking light in the procedure of Group III immediately precedes the 're- 
inforcing Sate of affairs’ in the sense of shock-termination, then the 
blinking light should also acquire a tendency to act as a secondary rein- 
forcing agent. 

It therefore appears that the procedure of Group III should, in Hull's 
system, provide the conditions under which the blinking light would have 
the greatest tendency to produce the secondary motive of fear and also the 
greatest tendency to produce secondary reinforcement. As pointed out, how- 
ever, secondary motivation (drive-increase) amd secondary reinforcement 
(drive-reduction, according to our view) ate antithetical processes; 
and it seems most improbable that living organisms have evolved nervous 

Li 


gj Mowrer, Secondary reinforcement in two-factor learning theory (in press). è 
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1 Hu 1951, op. cit, 21. 
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systems that really work in this way. One would suppose, rather, that anti- 
thetical Processes would be associated with antithetical, or at least differ- 
ent, conditions; and such an expectation is met if we posit a two-factor 
conception of learning. According to this view, thé secondary motive of j 
fear is learned through coincidence of signal with onset of pain, whereas 
secondary-reinforcement capacity is acquired by an incidental stimulus as a 
result of its coincidence with the decrement (drive) of pain. 

This analysis does not, however, specify the nature of ‘secondary rein- 
forcement.’ Hull has postulated that it involves a conditioned form of 
‘primitive reinforcement,’ whereas we believe it is probably nothing more 
than what occurs whenever a secondary drive undergoes significant diminu- 
tion. The question now facing us is whether the Present experiment pro- 
vides any evidence in favor of one as opposed to the other of these two 
hypotheses. We believe that it does, ] 

If we take the position that an incidental stimulus, such as the blinking 
light in the present investigation, acquires maximal capacity for produc- 
ing the secondary drive of fear by immediately preceding primary drive 
onset, then the procedure of Group I should lead to best fear-learning— 
and this inference is emphatically confirmed by our results. Let us now 
make the assumption with Hull that secondary reinforcement is a condi- 
tioned form of primary reinforcement which is acquired by an incidental 
stimulus which immediately precedes such a state of affairs. On the basis 
of this assumption one would expect the blinking light to acquire 
maximal properties of secondary-reinforcement in the Procedure of Group 
III, with pethaps somewhat less good learning taking place in the pro- 
cedure of G-oup IV. If, in terms of Hull's theory, the blinking light thus 
acquires properties of secondary reinforcement, it should, whén presented 
immediately after the bar-pressing in the testing situation, facilitate such 
behavior rather than inhibit it, The results for the 5s of Groups III and IV 
show no facilitative influence whatever; instead, as Fig. 2 indicates, the 
blinking light had an inhibiting effect which, though less marked than that 

, Observed in the Ss of Group I, was still unmistakable. : 


reduced. Under the conditions of the present experiment, we would hardly 
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have expected the blinking light to have secondary reinforcing properties 
during the test-period in any of our groups. All the Ss, it will be recalled, 
were tested under conditions in which fear was presumably minimal. In the 
left side of the apparatus nothing of an untoward nature had ever occurred, 
and the pleasure of eating had repeatedly been experienced there, We can 
hardly suppose, therefore, that when, at the beginning of the sixth minute 
on the test-day, an $ pushed the bar for food and produced the blinking 
light that that stimulus would have reinforced bar-pressing through the 
fear-reduction it provided. If there is no fear to reduce, a fear-reduction 
(secondary reinforcement) simply cannot, according to our view, take 
place! Indeed, in our experiment, the blinking light had a tendency, even 
in the Ss of Groups III and IV, to elicit some fear, because it ‘reminded’ 
them, at least passingly, of the situation where they had been shocked, and 
thus produced the moderate amount of response-inhibition noted. 


The foregoing discussion may seem more speculative than empirical, and we 
cannot deny that there is as yet comparatively little factual confirmation, Direct 
evidence is not, however, entirely lacking, perhaps the best of which is that re- 
cently obtained by Barlow.” Full details on this investigation are not at present 
available; but a preliminary report indicates, first of all, that in carrying out an 
experiment something like the one here reported, Barlow has, in one important 
respect, obtained the same results: he has found that an incidental stimulus asso- 
ciated with the onset of shock is decidedly superior to one associated with the 
termination of shock as far as fear-conditioning is concerned. Barlow, however, has 
also found that a stimulus previously associated with the termination of shock 
is somewhat facilitative, thereby betokening the operation of secondary reinforce- 
ment, 

The question thus arises: Why does Barlow find that an incidental stimulus 
associated with shock-reduction acquires secondary reinforcing properties, whereas 
in our experiment no such effect was obtained? The answer, it seems, lies in the 
circumstances under which the effects of such a stimulus were tested. As already 
indicated, the present investigators tested the effects of the incidental stimulus under 
conditions in which the Ss were presumably not already afraid and thus were not 
capable of experiencing secondary reinforcement in the sense of fear-reduction. 
Barlow, on the other hand, tested his Ss under circumstances in which they had? 
reasdh to be somewhat apprehensive, with the result that a stimulus which had, 


Previously been associated with shock-termination was interpreted by his Ss as ; 


meaning that now ‘everything is going to be all tight again. In other words, in 
Batlow's experiment, the stimulus which had been associated with shock-reduction 
was evidently capable, under test-conditions, of providing a measure of reassurance 
to the Ss, whereas, in our investigation, a stimulus with a similar history did 
Not have such an effect because the test-conditions were different. Li 
epee T «ls 3. Ku 

J. A. Barlow, Secondary motivation through classical conditioning: One-trial 
non-motor learning in the white rat, Amer. Psychel., 7, 1952, 273. 
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This finding must be interpreted provisionally until fuller data are available; 
but it is consistent with other studies in suggesting that Hull's conception of 
secondary reinforcement, as something which can occur independently of second- 
ary-drive reduction, is debatable.” It favors moreover, Qur view that secondary 
reinforcement is, purely and simply, the reinforcement that occurs when a second- 
ary drive is reduced or abolished. 


SUMMARY 


As indicated earlier, the purpose of the experiment here described was 
two-fold: (a) to determine whether learning occurs more readily when 
an initially neutral stimulus is temporally contiguous with the onset of 
shock or is temporally contiguous, as Hull's formulations would seem to 
require, with the termination of shock; and (b) incidentally, to clarify 
the relationship between the conditions under which a secondary drive, 
such as fear, becomes attached to a neutral stimulus and the conditions 
under which such a stimulus becomes capable of producing, not secondary. 
motivation, but ‘secondary reinforcement,’ 

The results obtained confirm the view that fear-learning occurs more 
readily (only?) when the initially neutral stimulus is contiguous with the 
onset of shock than when it is contiguous with the termination of shock. 
The results also indicate, though less directly and less definitely, that sec- 
ondary reinforcement consists merely of secondary-drive reduction and not, 
as many of Hull's statements imply, of a conditioned form of ‘primitive 
reinforcement," which purportedly can operate without drive-reduction. 

These findings, like those of the preceding study by Mowrer and 
Solomon, are consistent with the view that there are two basically different 
forms of learning: sign-learning (conditioning, stimulus-substitution, 
place-learning) and solution-learning (trial-and-error, respotise-substitu- 
tion, problem-solving, act-learning). No monistic conception of learning, 
including Hull's, seems capable of accounting for the presently known facts 
in a reasonably inclusive and consistent manner, 


? Mowrer, Secondary reinforcement in two-factor learning theory (in press). 


A TEST OF THE HYDRAULIC THEORY OF COCHLEAR 
MECHANICS THROUGH MULTIPLE FREQUENCY BEATS 


By Max F. MEYER, Miami, Florida 


The present article reports what musical observers testify they hear when 
they listen to tones of various ratios and it relates their testimony to 
auditory theory—in particular to the hydraulic theory. This article is 
a complement to my recent study on cochlear mechanics, acquaintanceship 
with which is presupposed.* 

Any theory of cochlear mechanics must explain facts of psychophysio- 
logical experiments. In the acoustic literature extra psychological (albeit 
biological) microphonics (derivable from the head of a cat—or the head 
of a cabbage when vehemently shaken) are found substituted for pains- 
takingly listening. Such records of microphonics are scarcely a contribu- 
tion to the theory of hearing. Hearing equals listening. E 

Vibratory (place) theories quite commonly abstain from asking the 
student to listen for himself. Instead, the student is told what be bears? 

In the previous article I pointed out why, for reasons of pure mathe- 
matics, a doubling of the beats of the higher tone in a mistuned multiple 


* Accepted for publication May 24, 1952. 

Be M F. Meyer, Crucial experiments in cochlear mechanics, this JOURNAL, 66, 1953, 

1-269. « 

2 For exarffple, S. S. Stevens and Hallowell Davis, Hearing: Its Psychology and 
Physiology, 1938, 1-489, write: “Tell him [the student] what he hears . . . then 
he is in a position to be told, beginning with Chapter 10, how he hears it" (p. ix); 
“When the ear is stimulated by a pure tone, we {the reader is told] hear . . . aural 
harmonics. , . . When two loud tones are sounded together, we hear . . - the sums 
and differences" (p. 184): [The book mentions no one by name as testifying that 
he actually hears these aural harmonics, sums, and differences.] “The microphonic 
action . . . may be detected from almost any part of the head when sufficient amplifi- - 
catioff is used" (p. 312). "A small section of normal organ of Corti... will _ 
generate some potential at all frequencies" (p. 358). [That this contradicts pitch 
placement in the organ of Corti is not acknowledged.] “The piezo-potentials of the 
haiscells . . . ate possibly . . . an epiphenomenon like the noise of an automobile” 
(p. 346). [How then do they explain hearing?} "Of this we may be certain: the 
Position of basilar disturbance is related to the perceived pitch” (p. 375). [This is 
said to have been demonstrated by Raa “Reboul was able to show . . . maxi- 


when exposed to a combination of physical tones.] Dre 
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illustrating the hydraulic theory) of the maxima and minima of the 
following two equations. Phase III gives the same results as Phase I; and 
Phase IV the same as Phase II. Therefore the doubling of the beats. 


Phasel, y = sin 2x + sin 3x 
Phase II, y = sin(2x + 30) + sin 3x 


Figs. 3 and 4 show, from above downwards, with approximation and 
great simplification the successive positions of the phragma piece involved, 
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Fic. 1. DATA FOR PHASES I AND III Fic. 2, DATA FOR PHasEs II AND IV 
(Ratio 2:3) (Ratio 2:3) 


if the phragma is regarded as having the same width throughout and the 
hyperthesis is given no attention. In Fig. 4 we notice 71 units serving 
to throw 3 charges per time unit into the bundle of auditory nerve fibers 
located in the same neighborhood. 

What about the (in the direction of the apex) following 164 units, 
from point 71 in Fig. 4 to point 235? We count there two charges, but 
in this Figure they do not look very evenly distributed in time. One timie- 
interval looks smaller than the other; or in reverse, one time-interval looks 
larger than the other, 


The last question raises a mathematic-mechanical problem which is beyend my 


mathematical ability, Surely the phragma units from point 71 to point+235 do not 
jump down all at one moment ano up all at one moment. When I look at the action 


» 
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of my hydraulic model of the cochlea I see it clearly that every point has its own 
jumping moment not shared by any other point, but the analytical mathematics, 
which should take the place of the graphics of the figures, is beyond me. It would 
be within my capabilities if it were a problem of wave mechanics (vibratory me- 


382 = 3313, 244 145 46 0 


Fic. 3. SUCCESSIVE POSITIONS OF THE PHRAGMA IN PHASES I AND III y 
(Ratio 2:3) 


chanics) applied to bodies under stress and reacting through plain elasticity, but 
the hydraulics here unfortunately is not ordinary wave mechanics but opens ques- 
tions to which—to my great regret—no professional mathematician has hitherto 
applied himself although the need has existed for more than 50 years. 


The conclusion is unavoidable that the regularity in time with which 
the two charges are sent brainwards from the points between 71 and 235 
* 


TABLE I 
Turoreticat Loupness ror THE Prrcuzs, RATIO 2:3 
Phase I Phase IL Phase III Phase IV 
Pitch 3 46 7 46 yI 
Pitch 2 198 164 198 164 $ 
> Pitch x 138 129 138 129 


is far greater than the poor approximation shown in Fig. 4 The mathe- * 
matics determining how much regularity or irregularity there is in reality, 
remains to be solved. 

5 Table I asserts that from the hydraulic theory the highest pitch. must 
"be expected noticeably to beat once in every half period, The beats inus, c 
? be expected to be doubled. The experimental observations méntioned above 

$ are in agreement with this prediction. Tke vibratory theories, to which 
- o Go c j 
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the mathematicians have given enormous time and effort, do not even 
try to relate their statements to the reports of experimental listeners. Why 
not? 


(2) Ratio 3:4. A sinusoidal air wave was produced of a frequency 
of 480—. While this pitch is coming from the first generator, the second 
generator is tuned exactly giving, in musical terminology, the just interval 
of the fourth. This is left sounding, but the lower pitch is temporarily 
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Fic, 4. SUCCESSIVE POSITIONS or THE PHRAGMA IN PHAsES II AND IV 
L] (Ratio 2:3) 


eliminated by using the volume control. The third generator is now 
brought in and tuned in unison to give about 3 beats in every 2 sec. 
All three generators are now sounded together at a loudness a little 


are heard at the same rate, We bring the first generator back, and we 
hear the same beats. , 

. Now we turn the second and justly tuned generator off through its 
volume control. We expect to hear beats again. Surprisingly, zo beats are 
heard. It makes no difference whether we combine the Tone 3 with the 
justly tuned Tone 4 or with the mistuned Tone 4. In neither case are any 
beats cf the Pitch 4 audible. Thus the experience is remarkably different 

>from, that we had with the ratio 2:3. » 

We have to ask: What does the hydraulic theory of cochlear‘mechanics 
make us expect 2 ? 
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Figs. 5 and 6 give us the computed ordinate differences of the maxima 
and minima of the following two equations. Phase III, gives the same 
results as Phase I, and Phase IV the same.as Phase II. That is the reason 
why we expected to*hear not single beats per period but double beats. 
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285 
211 

179 181 

129 
105 
37 

0 0 

Fic. 5. DATA FOR PHASES I AND III Fic. 6. DATA FOR PHASES II AND IV 
(Ratio 3:4) (Ratio 3:4) 


- We hear neither. Let us proceed with applying the hydraulic theory, 
- — within the limits of our mathematical abilities. 


| Phrase I, y= sin 3x + sin 4x 
I Phase II, y= sin 3x + sin(4x — 30) * 


© 

Figs. 7 and 8 show, from above downwards, with approximation and 
great simplification the successive positions of the phragma points (not 
implying that they reach to the apex). In Fig. 8 we notice 52 units clearly 
serving to throw four charges per time unit into the neighboring bundle 
of auditory nerve fibers. Not so simple is the question concerning the” 
result coming from the phragma region after point 52 and extending ^ 
t to point 179. Although it is very approximate, the description furnished ' 
by Fig. 8 seems to tell us that three charges are delivered. Are they, how- 
ever, delivered with sufficient or insufficient regularity in temporal dis- 
persal that through mediation of the nervous system the listener may re- 
port to hear the Pitch 3? This brings us back to the fact already dis-« < 
cussed that no mathematician has applied himself to the bydranlic prob- 


lem, hence we cannot answer the last question. . 
€ € € 
e 
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The same problem appears again in Fig. 7 for the phragma units after 
its point 32. Since no beats of the Pitch 4 are experimentally detectable, 
it seems probable (if we are permitted to reason from the experiment ' 
to the theoretical principle without being trapped in a circle) that quite 
a number of the latter phragma units (suppose 20 after point 32) will 
give the listener the Pitch 4 as in a siren where every fourth hole is 
stopped. (Compare following paragraph!) When 20 are added to 32, the 


390 353 316 248 180 106 32 0 


Fic. 7. SUCCESSIVE POSITIONS or THE PHRAGMA IN PHASES I AND III 
(Ratio 3:4) 


loudness of Pitch 4 in Fig. 7 becomes 52, the same as in Fig. 8, and 
no beats of Pitch 4 would be audible. We remember that indeed no such 
beats are audible, 


should convey to the listener the Pitch 3 if the imaginary mathematician informs 
us that the three charges are there in reality rather regularly distributed through 
TES 


> 


» 
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the time unit. From the experimental evidence (although the mathematical evidence 
is lacking) we should conclude that the latter is the truth. Unfortunately, however, 
I am unable to separate in Table II the loudness of the musical note b, Pitch 3, 
from the loudness of the next higher note e, Pitch 4, as inspection of the table will 
show. s 

Now from point 180 to point 316 in Fig. 7, and from point 179 to point 308 in 
Fig. 8, two charges are indicated with a long interval free from charges. This is as 
if we stopped all but two successive ones of the 48 holes of the siren disk men- 


TABLE II 
THEORETICAL LOUDNESSES FOR THE Prrones, RATIO 3:4 
Phase I Phase II Phase III Phase IV 


Pitch 4 and Pitch 3 together 180 179 180 179 
Pitch 1 210 202 210 202 


P 

tioned above. There is no certain evidence from siren-experiments that these two 
puffs alone are capable of giving the listener a definite perception of pitch. The 
two holes are like a single siren hole. 


All that is logically possible to expect from the two charges together 
is.to convey to the listener the Pitch 1, to be added to the Pitch 1 from 
the most extreme phragma units. Table II gives the summary of this the- 


381 308 179 52 0 


n 
Fic, 8. SUCCESSIVE POSITIONS OF THE PHRAGMA IN PHASES IL AND IV 
(Ratio 3:4) 
Oretical discussion. The (musical) interval of the Fourth is the most 
confustng one both in experimenting and in theorizing, has always been 
that in purê audition and also in the esthetic theory of music, 
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There are no beats to be expected from the table; and none were 
heard. Not the faintest trace of a summation tone, Pitch 7, was ever 


audible. 


(3) Ratio 4:5. A sinusoidal air wave was produced of a frequency 
around 300~. While this pitch is heard from the first generator, the sec- 
ond generator is tuned exactly, giving, in musical terminology, the just 
interval of the Major Third. This is left sounding, but the lower pitch 
is temporarily eliminated by using the volume control. The third gen- 
erator is then brought in and tuned in unison to give about 3 beats in 
every 2 sec, 

All three generators are now sounded at a loudness a little below 
mezzoforte, Beats of the higher pitch are strongly heard, We turn the first 


514. 506 
486 


437 15 


375 
335 


Fic. 9. DATA FOR PHASES I AND III Fic. 10, DATA FOR PHAsEs II AND IV 
(Ratio 4:5) (Ratio 4:5) 


generator off by use of the volume control, and the beats are heard at 
the same rate, We bring the first generator back. 
Now we turn the second and justly tuned generator off through the 
use of its volume control, We expect to hear beats again but surprisingly 
“no beats are heard, It makes no difference easily describable whether we 
combine Tone 4 with the justly tuned Tone 5 or with the mistuned Tone 
5. In neither case are beats of Pitch 5 clearly perceptible, What does the 
hydraulic theory of cochlear mechanics say to that? 
Figs. 9 and 10 give us the computed ordinate differences of the maxima 
and, minima of the following two equations, Phase III gives the same 
results as Phase I, and Phase IV the same as Phase II. Conséquently we 


* See,footaote 7. 
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; expected to hear even doubled beats, but we heard no beats at all. Let 
"us proceed with applying the hydraulic theory (within our mathematical 
= abilities). 
4 Phase I, y= sin 4x + 1.6 sin 5x 
; Phase II, y = sin(4x + 18) + 1.6 sin 5x 


Figs. 11 and 12 show, from above downwards, with approximation and 
' great simplification the successive positions of the phragma points (not 
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458 
409 #39 
360 ` 
356 
298 
238 
4 236 
186 
149 
bU 136 
f 0 0 


Fic. 11, SUCCESSIVE POSITIONS OF THE PHRAGMA IN PHASES I AND III 

(Ratio 4:5) 
Fic, 12. SUCCESSIVE POSITIONS OF THE PHRAGMA IN PHASES II AND IV, 

(Ratio 4:5) s 

m X c r 

üplying that they reach to the apex). In Fig. 12 the first 149 units clearly 
tye to throw five charges per time unit info the neighboring bundle of . 
€ fibers. Net so simple is the question concerning the‘ restdt coming 
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from the region after point 149 and extending to point 238. This brings 
us back to the already discussed lack of help from the mathematicians, 
If the regularity of dispersal suffices for the demands of the auditory nerve, 
then the four charges indicated by the figure must make the listener hear 
Pitch 4. A further question is presented by the region from point 238 to 
point 356 of Fig. 12. Three charges are indicated. If we regard a siren- 
experiment as applicable in which every fourth hole is stopped, then 
many of these 118 units would give an addition in loudness to the Pitch 
4 just mentioned above; but some of the more distant of these 118 might 
be shown mathematically to occur with such regularity that they would 
convey to the listener Pitch 3, which in the above experiment is weakly 
audible, Thus in the Table III the Pitch 4 and the Pitch 3 are not assigned 
separate loudnesses because the separation would be guesswork, 

In the region from point 356 of Fig. 12 to point 453 only two charges 
are indicated and these closely together and separated from the next two 


TABLE III 
THEORETICAL LOUDNESSES FOR THE Prrcuss, Ratio 4:5 
Phase I Phase II Phase III Phase IV 


Pitch 5 149 136 149 136 
Pitch 4 and Pitch 3 together 207 224 207 224 
Pitch 1 150 154 150 154 


charges by a large time interval. Judging by the results of siren-experiments, 
the two charges in such a case act as a single charge sent into the nerve 
bundle, thus adding Pitch 1 to Pitch 1 which comes from point 453 to 
point 506. Toble III gives a summary of what seems to be the most probable 
conclusion on the basis of Figs. 11 and 12. - 

In the abstract, the table indicates beats for Pitch 5 by the fluctuation 
between 149 and 136, but in the experimental observations no such beats 
were reported. Why not? There exists a threshold for the consciousness 
of beats, as Fletcher points out.’ A variation from loudness 136 to 149 is 

„ only as 100 to 109. This seems to be below the threshold for consciously 
perceiving beats. (Warning: The hydraulic theory of cochlear mechanics 


* Hatvey Fletcher (Speech and Hearing, 1929, 148), teporting the results of R. R. 
Riesz, writes: “The observer signaled that he heard beats. . . . After about twenty 
such judgments the operator was able to locate with considerable certainty the 
setting’ for which the observer was just able to detect a fluctuation in intensity. 
Below it the fluctuation was imperceptible. . . . For sensation levels above 50 db. 
the?fractiona) change in the intensity which is just perceptible is betweeli 5 and 
10%. At a sensation level of 10 db. the fractional increase must be 73% to be 

. perceptible.” » 
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ly unrelated to the fact of a threshold of beat perception. The 
old for consciousness is the result of conditions existing in the 
s system.® The hydraulic theory is concerned only with the mechani- 
I frequency-analysis.) 

he following important fact must again be emphasized. We never 
d hear in the experiments the faintest trace of a summation tone, 7.e. 
h 9. The common assertion by the textbooks that the ear produces 
ation tones is clearly fiction. 


tly as with the ratio 4:5 I have performed experiments with the ratios 5:6 
. No audible beats resulted from slight mistuning. Obviously the beat thresh- 
not reached. And the only 'secondary' pitch which was definitely discern- 
was the Pitch 1. Especially this fact must again be emphasized in defiance of 
ommon doctrine of the textbooks. Not the slightest trace of a summation tone, 
11, was audible for the ratio 5:6; not the slightest trace of a summation tone, 
13, was audible for the ratio 6:7. 


eader may be curious enough to ask how I succeeded in tuning the 
terval 4:5 in spite of the fact that there are zo direct beats audible 
4:5 is slightly mistuned. The answer is that loudspeakers produce 
vety high harmonics which are so faint that they escape ordinary ' 
tion, but become noticeable, though barely, when they are slowly 
g. Now a somewhat musically gifted person can tune a Major 
d with fair (though not absolute) accuracy merely by its melodious- 
. Then one finds two positions of the vernier on both sides of a 
dle point which give those high pitches beating at the same slow 
. Setting the vernier then at that middle point, one eliminates those 
h beats and has secured the perfectly tuned Major Third.‘ 


Ratio 1:4, Because of the immense possibilities of illusions in 
perly distinguishing and locating triple pitches in single and double 
e intervals simultaneously perceived, I devised the following experi- 
he first generator is tuned at 100~ and the second generator at 200~, < 
beats being eliminated. The first generator is then silenced and the 
generator is tuned at 400~, all beats with the second generator's 
being eliminated. Now the second generator is tuned up an Octave, 


o 
my book, How We Hear (Chapter XIII, B), when discussing multiple ffe- 
ts, I failed to mention that all kinds of beats (and various kinds 
ly) depend for their audibility on more than mechanical prodüction in the 
Gu e also be above the neural threshold for perceptibility of the 
its. F s 
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to be in exact unison with the third generator, no beats being allowed,” 
Then two positions of the vernier of the third generator (400~) are 
marked oz both sides of its last position in order to give with the second 
generator (400~) the same rate of beats, U (= unmeasured as absolute 
beat rate but obviously equal to the physical amount of mistuning, 400 + U 
or 400 — U). 

Now the first generator's 100~ is sounded with the third generator’s 


384 372 
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184 172 
141 
128 
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400 + U. There are no clear beats of either pitch 100 or pitch 400, but a 
‘secondary’ pitch 200 beats at the rate of 2U per sec. Also the first genera- 
tor's 100— is sounded with the third Benerator's 400 — U. There are no ` 
clear beats of either Pitch 100 or Pitch 400, but the 'secondary' Pitch 200 
beats at the rate of 2U per sec. me 

Figs. 15 and 14 give the computed ordinate differences of the maxima 
and minima of the following two equations. Phase TIL, gives the same 
result as Phase I, and Phase IV the same as Phase II. 


Phasel, y = sin x + sin 4x 
Phase II, y= sin x + sin (4x + 90) 


> Figs. 15 and 16 show, from above downwards, the approximate positions 


ofsthe successive phragma points. Fig. 16 indicates that the loudness of the 
Pitch 4 should be relatively measured by the value 134, - 


In Fig. 15,the first 128 phragma units give us logically the Pitch 4. The 
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‘following 20 units present us with the case above discussed where every 
fourth hole of a siren-disk is stopped. So we must add to the 128 these 
20 as also giving us the Pitch 4. 

- In Fig. 16 the 38 units from point 134 to point 172 indicate two 
‘charges sent to the neighboring bundle of nerve fibers. These charges look 


384 332 256 . 200 148 128 EN 
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(Ratio 1:4) 


Lim this Figure as if they occurred irregularly, but in the absence of an 
y adequate mathematical analysis of the hydraulic functioning the Figure may 
deceive us. The two charges may occur with sufficient regularity. If they 
i do, we should expect Pitch 2, hence I show it in Table IV. The next 200 
- units of Fig. 16 indicate Pitch 1. 

4 TE Table IV is the correct interpretation of our theoretical assumptions 


‘a 
TABLE IV 
THEORETICAL Loupnesses FOR THE Prrcues, RATIO 1:4 
Phase I Phase II Phase III Phase IV 

Pitch, -> ^ 
48 134 148 134 
ER 2Q) zero 38 zero 38 
itch x 236 200 , 236 200 


(I present it undogmatically,) the beats of Pitch 4 are not likely to surpass 
beat threshold of perception: 134 to 148 is only as 100 to 110. Beats of 
^ 1 ate also near the threshold, since 200 to 236 is as 100 to 118, and 
Sensation Jevel in this Bass region is very low.? Beats of Pitch 2 might 
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be theoretically allowed to be perceptible, for 0 to 38 (while being a small 
loudness) indicates a great loudness fluctuation. The experimentally 
observed doubling of the beats of Pitch 2 also appears in the table. Nobody 
can regret more than I that the acoustical literatdre contains so few ex- 
perimental observations using methods similar to those described here'and 
with which I could compare my observations. 

Let us return to the question whether it is logical to give ‘secondary’ pitches 


the names of ‘difference and summation’ tones and ‘aural harmonics’ all of which 
are allegedly produced by the cochlea, With the ratio 1:4 not a trace of harmonic 


372 275 231 172 134 0 


Fic, 16. Successive POSITIONS or THE PHRAGMA IN PHases II AND IV 
(Ratio 1:4) 


Pitch 8, 12, 16, etc. was audible; not a trace of a difference tone, Pitch 3, was 
audible; not a trace of a Summation tone, Pitch 5, was audible—and 2 is certainly 
not the difference between 1 and 4, The illogical nomenclature for secondary pitches 
ought to be removed promptly from the textbooks. 


TABLE V 
THEORETICAL Loupnesses FOR THE Prrcues, Ratio 2:5 
Phase I Phase II Phase III Phase IV 
Pitch 5 Na 138 It 138 
c 3 
Pitch 2 214 184 ar 184 
Pitch 1 64 62 64 62 


(2) Ratio 2:5 In the same manner as in the cases described above, ! 
experimented with the ratio 2:5, Pitch 2 was represented by ethé pure 
tone of 120~ and Pitch 5 by the pure tone of 300—, When 120~ and 
300 and 300 + U~ were all three sounded together, Pitch 300 was 
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heard beating at the rate of U per sec. When 300— was eliminated, and 
120~ with 300 + U~ were sounded alone, the beats of the higher pitch 
were heard at the rate of 2U per sec. No summation tone, Pitch 7, was 
ever audible. e 

I made the theoretical calculation for the four characteristic phases of 
J = sin 2x + sin 5x. To save space, I give at once in tabular form the 
resulting loudness for the primary pitches and the one of Tartini. 

Since 114:138 is equal to 100:121, the loudness fluctuations of Pitch 5 
are obviously above the threshold for beats. The fluctuations occur twice 
during the period, in accord with the experimental observation. 


CONCLUSIONS 


I conclude with two important reminders. (1) Whether beats of other 
mistuned multiple frequéncies than 1:2, 1:3, 2:3, 1:4 and 2:5 can be 
brought above the threshold of beat audibility, I do not know. (2) A 
doubling of multiple frequency beats for each period is mathematically 
possible only when an odd ratio term is combined with an even term, never 
when two odd numbers are combined as, e.g. in 1:3. 


PROBABILITY-PREFERENCES AMONG BETS WITH 
DIFFERING EXPECTED VALUES 


By WARD EDWARDS, The Johns Hopkins University 


The decisions people make in gambling situations are psychologically 
interesting because they are motivated human responses and because they — 
are primarily controlled by simple numerical properties of the stimulus- 
situation. In any situation in which a person must decide whether or not 3 
to bet on the occurrence of a future event, two sets of variables will 
probably be crucial in controlling his behavior: the probability of winning 
or losing, and the amounts which can be won or lost. If the amount of 
money (or any other measurable commodity) which can change hands for 
each possible outcome of a bet is multiplied by the probability of that out- 
come, the sum of these products over all possible outcomes is called the 

, expected value (EV) of the bet. The EV is the amount the gambler should 
expect to win (or lose) on each play of the bet. If a bet has a positive 
EV, the gambler will in the long run profit by taking it. If it has à | 

, negative EV, he will in the long run lose by taking it. If it has an EV of 
zero, he is just as likely to win as to lose in the long run. This experiment is 
designed to identify variables which determine choices among bets which 
differ from one another in EV. 

In a previous paper I reported an experiment in which bets of the same 
EV were compared with each other by the method of paired comparisons.’ 
That experiment will hereafter be called the constant-EV experiment, Some = 
bets were markedly preferred to others, even though, since all choices were 

| 


* Accepted for early publication July 16, 1953. This research was initiated and 
the experimental work was carried out at the Psychological Laboratories of Harv 
University. It was supported in part by funds made available from the Laborato 
of Social Relations, Harvard University, thro its Project on the Nature of Ri 
and the Theory of Games, Further analysis of the data and preparation of this I 
port were partially supported and done in cooperation with the Systems Coordination 
Division, Naval Research Laboratory under Contract N5-ori-166, Task Order b 


E A iB Sue is uud to Professors J. G. Beebe-Center, G. A. Milles 
ead *- Mosteller, who contributed to the pr f thi h. E 

o ard Edwards, Probability references in gambling, this JOURNAL, 66, 199) 
349-364. A fuller account of the methods, apparatus, and bets used in the expel 
ment here being reported can be found in this paper. 
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between bets which had the same EV, there was no objective reason for 
preferring any bet to any other. For example, among positive EV and zero 
EV bets, those with a 4/8 probability of winning were especially often 
chosen, and those with 4 6/8 probability of winning were especially seldom 
chosen. The results were attributed to the existence of consistent pref- 
erences for some probabilities over others. Another factor which might 
influence choices in gambling situations is the difference between subjective 
and objective values of money. Von Neumann and Morgenstern? have 
proposed and Mosteller and Nogee* have employed a method for measur- 
ing the subjective value (which economists call the utility) of money by 
means of decisions in gambling situations. The results of the previous 
experiment raise doubts about this method. If choices among bets reflect 
preferences among probabilities as well as utilities of money, they cannot be 
used to measure either variable separately unless the other is controlled. 

In the previous experiment, every choice was between two bets with 
the same EV. In this experiment, every choice is between two bets with 
different EVs. What should happen in this experiment? If such phenomena 
às preferences among probabilities and differences between objective and 
subjective values of money are ignored, we expect S to choose the bet with 
the larger EV (or the smaller negative EV, if he is required to accept a 
negative-EV bet, The failure of S to follow this simple EV-maximization 
Strategy would suggest that something other than EVs was influencing 
his behavior, but would not show what. In order to show that probability- 
preferences were influencing his behavior, it would be desirable to be able 
to use previous knowledge of probability-preferences to predict deviations 
from simple EV-maximization. We will examine such deviations, and see | 
whether they tan be predicted from probability-preferences. 


METHOD 


Apparatus. The gambling in this experiment was done on the same pinball 
machine used in the constant-EV experiment. There are eight cells at the bottom 
of this machine, into any one of which the ball may roll, and its operation is sur- 
teptitiont ly controlled by 18 electromagnets, connected to an automatic programmer, 
which completely determine where the ball rolls. The Ss are told that the ball is 
Just as likely to roll into any one of the eight cells as into any other, and a randomly 
Prepared tape is used in the programmer to make this statement true. 


id: von Neumann and O. Morgenstern, Theory of Games and Economic Behavior, 
ee For a more complete discussion of this and other theories of utility nffeas, 
all Gee se paper gives, see Edwards, The theory of decision-making, Psychol. 
i press), e e. 
*F. Mostelle? and P. imental ment. of utili Polit, 
Econ, 59, 1951, MADE Nogee, An experiment messute ty, J. ^ 
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Bets. There were two parts to this experiment. On the first two days, bets were 
the same as those used in the constant-EV experiment. These bets are of three kinds, _ 
Eight of them have an EV of +$0.525, and so will be called positive expected 
value, or PEV, bets. Eight of them have an EV of —$0.525, and so will be called 
negative expected value, or NEV, bets. Eight of them have an EV of $0.00, and so 
will be called zero expected value, or ZEV, bets. Each bet was paired with all others 
of its EV-level according to Ross's optimal order for pairs in the method of paired 
comparisons,“ and each pair was typed on a 3 x 5 card. There were thus 84 constant- 
EV cards. 

In the last,four days of this experiment, bets which differ from one another in 
EV were used. Table I reproduces these bets. Three criteria were followed in mak- 
ing up the differing positive EV (DPEV) bets in Table I, on which the DNEV 
and DZEV bets are based. First, a bet with a higher probability of winning was 
required to pay off less than a bet with a lower Probability of winning, and no bet 
could involve administratively unreasonable amounts of money. Secondly, no two 
bets were permitted to differ by less than $0.05 in actual amount of payoff, or by 
less than $0.02 in EV. Thirdly, an attempt was made to choose bets with EVs such 
that consistent preference of the bet with the higher EV would result in a rank- 
ordering of the bets inverse to that found in the first two days with the constant-EV 
bets. These requirements turned out to be inconsistent with one another. In order 
to meet the first two, it was necessary to compromise the third. Consequently, the 
rank-order correlation (rho) between the order of preferences (summed over Ss) 
found on the PEV cards in the first two days and the EV of the DPEV bets is 
only —0.76. 

The DNEV bets were prepared by changing the verb in each DPEV bet from 
‘win’ to ‘lose.’ Since the DNEV bets were not based on performance on NEV bets 
in the first two days, it is not surprising that the correlation between order of 
preferences on the NEV bets during the first two days and the EV of the DNEV 
bets is only —0.10. 

The DZEV bets were prepared by combining each DPEV bet with a DNEV bet 
so that the probabilities involved summed to one, The correlation between EV of 
the DZEV bets and choice on the ZEV bets in the first two days is —0.89. 

The mean difference in EV between all pairs of DPEV bets is slightly less than 
$0.12. The same is of course true of DNEV bets. The corresponding figure for 
DZEV bets is $0.09. This means that consistent choice of the alternative with the 
higher EV or lower negative EV should over the long run result in each $ winning 
about $9.24 per hr. No one did so. 

The differing-EV bets also were typed on cards in pairs, so there were 84 differ- 
ing-EV cards. The apparatus thus consisted of pinball machine, programmer and 
tape, a deck of constant-EV cards, a deck of differing-EV cards, and plenty of 
poker chips. i 5 

Subjects. The Ss were 8 men undergraduates from the Harvard Summer School. 
The names of those to be invited were randomly selected from the complete list of 
summer school students, but it was Necessary to issue 16 invitations to get 8 


E] 


* R. T. Ross, Optimum orders for the presentation of pairs in the niethod of paired 
comparisons, J. Educ. Psychol.) 25, 1934, 375-382. 
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acceptances. To the extent to which refusal to participate in the experiment biases 
the sample, therefore, the Ss do not constitute a random sample. Even if the sample 
were representative of Harvard Summer School it would not be representative of 
Harvard College much less of undergraduates in general or of any larger population. 


The results will show that this state of affairs is not as unfortunate as it could have 


been. 


TABLE I 
Bers or Dierertnc Expecrep VALUE Usen iN Tuts EXPERIMENT 
Bets with Positive Expected Value 
(1) If VES a 4, you win $6.00. If you roll anything else, you win nothing. (EV= $0.75 
rol 


per roll) 
(2) If you roll a 1 or a 7, you win $2.90. If you roll anything else, you win nothing. (EV=$0.73 


per roll) 

(3) If you roll a 2, a 4, or a 6, you win $1.75. If you roll anything else, you win nothing. 
(EV=$0.66 per roll) 

(4) If you roll a 2, a 4, a 7, or ar®8, you win $1.20. If you roll anything else, you win nothing. 
(EV= $0.60 per roll) 

(5) If you roll a 2, a 3, a 5, a 7, or an 8, you win $1.10. If you roll anything else, you win 
nothing. (EV = $0.69 per roll) 

(6) ee a sidera ios. a 3 or a 6, you win $1.05. If you roll a 3 or a 6, you win nothing. 

= $0.79 per rol 
(7) 1f pud anything but a 5, you win $1.00. If you roll a 5, you win nothing. (EV= $0.88 


rol 
(8) Resardlesa of what you roll, you win $0.85. (EV. $0.85 per roll) 


Bets with Negative Expected Value 


r These eight bets are identical with those listed above except that the verb in each bet is 
lose’ instead of ‘win.’ Consequently, the expected values are also the same except that they 
are expected losses rather than winnings. 


Bets with Zero Expected Value 
(1) if ee roll a 4, you win $6.00. If you roll anything else, you lose $1.00. (EV= — $0.15 per 
(2) co a 1ora7, you win $2.90. If you roll anything else, you lose $1.05. (EV — — $0.06 
rol . 


(3) If you roll @ 2, a 4, or a 6, you win $1.75. If you roll anything else, you lose $1.10. 
( (EV— — $0.03 per roll) 


4) If you roll a 2, a 4,2 7, or an 8, you win $1.20. If you roll anything else, you lose $1.20. 
(EV-— $0.00 per roll) 
(5) If you roll a 2, a 3, 2 5, a 7, or an 8, you win $1.10. If you roll anything else, you lose 
6 as (EV=$0.03 per roll) : 
eh a 3 or a 6, you win $1.05. If you roll a 3 or a 6, you lose $2.90. 
;. (EV $0.06 per ro 
o E roll anything but a 5, you win $1.00. If you roll a 5, you lose $6.00. (EV — $0.13 per 
(8) Regardless of what you roll, you neither win nor lose. (EV= $0.00 per roll) 
‘ e. 

Procedure. The procedure was the same as in the real-gambling sessions of the 
Previous experiment. The Ss were told that they could win or lose plenty of money, 
and that if they lost, they would have to pay out of their own money, but thft the 
Situation gwas biased in their favor to the extent of $1.00 a session—each $ was 
tun $1.00 more in chips at the beginning of each session than he Was required 
© return at the end. The Ss were run individually end never met one another. 


e 
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The first two sessions used the constant-EV cards, The next four sessions used 
the differing-EV cards. All data reported here are based on these six sessions, There | 
were also one or two post-experimental sessions, whose sole purpose was to insure, í 
that no one lost money in the experiment as a whole, The net effect of these extra 
sessions was that each $ recovered the amount of his losses, if any, plus enough 
more to bring his net gain from the experiment up to $1.00 per hr. This devious 
method of paying Ss off prevented the word from getting around the Harvard cam- 
pus to potential Ss for future experiments that no one could lose in the psychology 
gambling experiments, 

Since the constant-EV bets in this experiment exactly duplicate those of the con 
stant-EV experiment, and were offered to Ss under exactly the same conditions except 
that there had not been six Preliminary non-gambling sessions, the results of the 
first two days of this experiment offer some small check on the reliability of the 
probability-preferences previously discovered, The Ss are different and the preceding 
experiences are different, but all other conditions are the same. 


RESULTS 


Constant-EV bets. Table II shows the results for the PEV, NEV, and | 


ZEV bets of this experiment and the corresponding results from the con- 


TABLE II 


Resutrs ror THE Consrant-EV CARDS IN THE PRESENT EXPERIMENT AND IN 
THE Previous EXPERIMENT 


PEV NEV ZEV 
Probability* 
present previous present previous present ^ previous 
1/8 0.1674 0.1116 0.1585 — 0.1957 0.1897 0.1399 
2/8 0.1339 0.1265 0.1629 0.1719 0.1696 0. 1592 
3/8 9.1607 0.1376 0.1317 0.1652 0.1475 — 0.1562 
4/8 0.1942 0.1830 0.0982  o.1r16 0.1763 0.2009 
5/8 0.1027 0.1406 0.1161 0.1049 O.1161 0.1339 
6/8 0.0603 0.0900 0.1719 0.1265 0.0592 0.0677 
7/8 9.0893 0.0975 0.1183 0.0871 0.0670 0.0804 
8/8 O.091$ 0. 1131 0.0424 0.0372 0.0647 0,0618 
T—0.76 7=0.83 1T=0.90 


losia PEV and ZEV bets, the probability of winning; for NEV bets, the probability of 


losing, 


stant-EV experiment. Each number appearing in the table is an index of 
relative preference for a bet over all others. It is computed by counting the 
total number of choices dy all Ss of a bet over all others with which it was 
compated and dividing by the total number of choices made by all $$ 
on all bets at that EV-level, The maximum value this number can have fot 
` anj bet is 0.25, which can only occur if everyone chooses the bet every time 
he has the chance, The minimum is 0.00, which can only occur if-the bet is 
never chosen. ; d 
The correlation coefficients included in Table II are the product-moment 
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correlations between the results of the two experiments. It is readily ap- 
parent that the results from the two experiments are quite similar. (The 
similarity is even more apparent if the numbets are plotted on a graph.) 
The differences in expetimental procedure, in population sampled, in size of 
sample, and in satisfactoriness of sampling procedures between this and the 
constant-EV experiment evidently did not seriously influence the pattern of 
probability preferences found in the constant-EV experiment. 

Differing-EV bets. Fig. 1 shows the results for the DPEV bets, compared 
with the PEV bets in the first two days. The Y-axis is the index of pref- 
erence explained above, and the X-axis represents the probability of 
winning. These probabilities are arranged in order of decreasing EV for 
the DPEV bets, so that consistent choice of the bet with the higher EV 
would result in the downward-sloping straight line shown. Clearly there 
is a general trend downward from left to right, as the strategy of maximiz- 
ing EV would require, but there are also marked deviations from that 
strategy. There is, however, no evidence that the deviations from maximiza- 
tion of EV are related to the probability-preferences found in the first two 
days. 

In Fig. 2, which presents the results of the DNEV bets, consistent choice 
of the bet with the smaller negative EV would result in the straight ascend- 
ing line shown. It is apparent that the deviations from this pattern observed 
at 8/8, 1/8, and 5/8 are all associated with corresponding decreases in the 
probability-preferences. The same can be said for the flattening at 4/8. In 
short, the deviations from maximization of EV here can be predicted quite 
well from probability-preferences. 

The fact that in the DNEV bets there is essentially no correlation be- 
tween predftion based on probability-preference and prediction based 
on EV-maximization makes possible a very simple statistical test of whether 
Ot not probability-preferences predict better than chance in this situation. 
Since each choice is between two alternatives, and probability-preferences 
Predict the selection of one of these alternatives, on the null hypothesis 
_ this peediction would be right 50% of the time. A simple chi-square test 

shows that this null hypothesis can be rejected beyond the 0.001-level of 
Confidence when predictions are based on each individual's rank-ordering 
9f the probabilities determined from his choices during the first two days. 
If the predictions are based on the communal probability preferences 
Shown in Fig. 2, then the chi-square falls very slightly short of the 6.05- 
level, e x ° 
Fig. 3 shows the DZEV results. Again EV-maximization would produce 
the descending line shown as with the DPEV graph, except that there is no 
e 


e 
e 
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— 7— RESULT OF EV MAXIMIZATION 
— —— DIFFERING EV 


CONSTANT EV 


RELATIVE PREFERENCE 


PROBABILITY OF WINNING 
IN ORDER OF DECREASING EV : 
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—-— RESULT OF EV MAXIMIZATION 
DIFFERING EV 


CONSTANT EV 


RELATIVE PREFERENCE 


PROBABILITY OF LOSING IN ORDER 
E OF DECREASING NEGATIVE EV 


T 3 FIG. 2. RESULTS FOR THE DNEV BETS 
The slid line shows the results from the DNEV bets; the dashed line shows the 
Nou from the NEV bets; and the dot-and-dashed line shows the results which 
ESD have been obtained if all Ss had followed a strategy of EV-maximization on 
NEV bets. The probabilities on the X-axis are arranged in order of decregsing 
negative EV. e 

. 
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—-~— RESULT OF EV MAXIMIZATION 
— —— DIFFERING EV 


CONSTANT EV 


RELATIVE PREFERENCE 


PROBABILITY OF WINNING 
IN ORDER OF DECREASING Ev ‘ 
Fic. 3. RESULTS FOR THE DZEV Bets 


The solid line shows the t&ults from the DZEV bets: line shows the 
results from the ZEV bets; and the dot-aad-dashed Tac ee “he results which 


3 axis are arranged in order of decreasing 
a EW, except that the 4/8 and 8/8 probabilities of ra have iie cant EV. 


A t 
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difference in EV between the 4/8 bet and the 8/8 bet, so that Ss should 
have no basis for choice between these two. Actually, the 8/8 bet reads 
"regardless of what you roll, you neither win nor lose.” It is not a bet in 
quite the same sense that the others are, and perhaps should not be included 
in the graph. In any case, it is apparent that there is very good agreement 
between the results on the ZEV and the DZEV cards, and there is not even 
any trend to ascribe to EV-maximization. 

The chi-square test of whether the choices can be predicted better than 
chance by probability-preferences, which was calculated above for the 
DNEV bets, can also be calculated here, Whether based on individual or 
group results, in either case it is significant beyond the 0.001 level, though 
of course, the index based on individual results is larger. Actually, the test 
is biased in favor of accepting the null hypothesis when it is false, because 
the negative correlation bétween predictions based on EV. -maximization and 
those based on probability-preferences should reduce the frequency with 
which the latter are correct. Since we have rejected the null hypothesis, this 
consideration only strengthens confidence in that rejection. 

A chi-square test similar to those made above can be made of the hypothe- 


| sis that Ss prefer bets with higher EV to those with lower EV, against the | 


null hypothesis that choices can be predicted from EV-differences no better 
than chance. Because of the negative correlation with probability pref- 
erences, this test also will be biased in favor of too many acceptances'of the 
null hypothesis for the DPEV and the DZEV bets. This chi-square is sig- 
nificant beyond the 0.001 level for the DPEV and DNEV bets. It cannot be 
computed for the DZEV bets because for these bets the EV-maximization 
theory predicts correctly less than 50% of the time. (A chi-square test of 
whether this difference from 50% is significant shows that it is, beyond 
the 0.001 level; however, because of the negative correlation with proba- 
bility-preferences such a test has no meaning with respect to the EV- 
maximization hypothesis.) 
Counts of inconsistent triads, computation of various statistics based on 
_ these counts, and computation of Kendall's coefficient of agreement between 
Ss Were made.’ The results of these procedures were in almost all respects 
similar to those found in the constant-EV experjment, and so will not be 
reported here. The only discernible difference is that there seems to bea 
decrease in consistency as the experiment progresses from: PEV to DPEV 
bets, rather than the usual increase; but this is probably a random variation. 
c e PEU AM mA MATURO ee ee 
"M. G. Kendall, Rank Correlation Methods, 1948. ; i 
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Discussion 


It certainly is clear from the results shown above that Ss do not com 
sistently prefer bets with higher EVs to bets with lower EVs. Part of the 
variation from this simple strategy could have been predicted by probability 
preferences and part could not. The DPEV bets, in which prediction from 
probability-preferences was least Satisfactory, were the bets in which 
probability-preferences and EV-differences were strongly in opposition lo 
each other; one or the other had to emerge as the major determinant of 
choices, and in this case the EV-differences turned out to be the more im- 
portant. In the DNEV bets, in which the two determinants were essentially 
unrelated to one another, a compromise took place; both determinants were 
effective. In the DZEV. case, once again the two determinants were strongly 
opposed to each other, and this time probability-preferences dominated 
probably because the DZEV bets were more complicated, so that EV- 
differences were much more difficult to detect, and the EV- differences them: 
selves were somewhat smaller. 

It is reasonable to Suppose that as the difference in EV between two bets, 
of which $ must choose one, increases, it becomes more and more impor 
tant in determining $'s choice, and probability-preferences therefore be - 
come less important, It is quite clear, however, at least within the range of 

~ EV differences studied in this experiment, that probability-preferences 
do partially determine choices among bets even though they differ in 
EV. This means that the difficulty for von Neumann and Morgenstern's 
utility-measurement proposal which was discussed in the introduction of. 
this report (and more fully in the report of the constant-EV experiment) 
remains a difficulty. Any experiment designed to measure utility of money 
by means of gambling decisions must Operate in the range of small EV- 


differences where this experiment shows probability-preferences are impor 
tant, 


‘ised in conjunction with these scales to predict risky decisions. Here is 4 
problem for much future research, 
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SUMMARY 


= Preferences were found for some probabilities over others in gambling 
ations in a previous experiment. In that experiment, all choices had 
o be made between bets of the same expected value. The present experi- 
t was designed to find out what Ss would do when required to choose 
een bets of different expected values. After preliminary sessions in 
which the results of the previous experiment were confirmed, Ss were re- 
quired to make choices between pairs of bets of different expected value 
according to the method of paired comparisons. The results showed that 


Iwo major determinants of choices were related to ciet properties of 
bets involved. 
Tt is concluded that probability-preferences are important in deter- 


THE RELIABILITY OF PROBABILITY-PREFERENCES 


By Warp Epwarps, The Johns Hopkins University 


Two major properties of any risk-situation which may influence be- 
havior are the possible outcomes of the risk and the probabilities of these 
outcomes. These two variables together determine the expected value 
(EV) of the risk. If the value of each possible outcome is measured in 
dollars or some similar unit, then the sum over all possible outcomes of 
the value of each outcome multiplied by its probability of occurrence is the 
EV. (For instance, I toss a coin, If it comes up heads, I pay you $2.00, If 
it comes up tails, you pay me $1.00. Then the EV = 0.5 (— $2.00) + 05 
(+$1.00) = — $0.50, which is the EV of the game from my point of 
view. From your point of view, it is of course 4- $0.50.) 

Two previous papers have reported that choices between bets of equal 
EV, presented in pairs to the Ss, are influenced by preferences among the 
Probabilities involved; and that this influence can be demonstrated to 
Operate even when Ss are required to choose between bets with differing 
‘EVs. These experiments raise a variety of methodological issues. In an 
area of human behavior so subject to individual differences as gambling, 
are these results reproducible? What are the effects of wording of the bets? 
Would similar results occur with different numbers of bets? What effect 
does the outcome of previous bets have on a decision? Would similar rë- 


Supported and done in cooperation with the Systems Coordination Division, Naval 
Rescarch Laboratory, under Contract N5-ori-166, Task Order I, between the Office 


of Harvard University and were Partially supported by funds made available from 
the Laboratory of Social Relations, Harvard abou, through its Project on the 
Nature of Risk and the Theory of Games. This report of those experiments is 
adapted from part of a doctoral dissertation subm tte} to Harvard University. I am 
grateful to Mrs, Harriott Quin for collecting and Processing data in those exper 


349-364. In the rest of this paper, this first experiment in the series will be call 


the original experiment or the constant-EV experiment, and will not be separately 


? Edwards, Probability-preferences am T MOL lues, this 
j 7, ong bets with differing expected values, 
JOURNAL, 67, 1954, 56-67. Fora discussion of the ENDE of Hee experiments 


for the general theory of decision- f decision- 
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sults occur if the EV-levels chosen, and therefore the amounts of money 
involved in the bets, were different? Can probability-preferences be dem- 
onstrated in non-gambling situations? This paper reports a series of ex- 
periments which provide some answers (however incomplete) to these 
questions. 

METHOD 

Apparatus, The gambling in almost all of these experiments was done on a rigged 
pinball machine described in the first paper of the series, There are eight cells at 
the bottom of the machine into any one of which the ball may roll. The Ss are told 
that the ball is just as likely to roll into any one cell as into any other. For the 
previously reported experiments, that was true. The pinball machine is controlled 
by electromagnets and a tape-reader, and in previous experiments the tape was 
prepared from a table of random numbers. In some of the experiments reported 
here, the same procedure was used, but in others special rolls on particular bets 
were necessary, and the tape*was prepared accordingly. Unless it is specified other- 
wise in the following experiments, the tape was random. 

Bets and subjects, The bets and Ss will be described below separately for each 
experiment. 

Procedure. In those experiments in which Ss were run individually, they were 
first shown the pinball machine, told about the bets, and told that they may either 
win or lose, but that the situation was biased in their favor by $1 per session. This 
bias was achieved by giving each $ $21 in chips at the beginning of each session 
and requiring him to return only $20 in chips or in cash at the end of the session. 
The Ss knew that if they had less than $20 in chips, they must pay the difference 
in cash from their own funds. In those experiments in which money was not in- 
volved, Ss were paid for their time at the end of each session. As in the previously 
reported experiments, Ss were run in extra sessions (after the experimental ones) in 
which E made sure that they won back the amount of their losses, if any, plus 
€nough more to pay for their time at the rate of $1 per hour. 


. EXPERIMENT I; RELIABILITY 


The choices of two different groups of Ss were studied. One group of 
Ss was put through a repetition of the first experiment in which bets of the 
Same EV were compared with one another. This repetition of the con- 
stant-EV experiment was actually intended not only to test reliability, but 
also to establish baseline behavior for the experiment with the military 
game to be described later in this report (Experiment III). The second 
Btoup of Ss was a classroom group. Slides of the same pairs of bets as were 
Used in the constant-EV experiment were shown to them, and they were 
asked to imagine they were gambling and make choices. The choices of 
both these groups of Ss were compared with the corresponding choice of 
Ss in the original constant-EV experiment. ° 

Bets. There were 24 bets. Eight of them, with probabilities of winning running 
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from 1/8 through 8/8, had an EV of + $0.525 per roll, and so will be called the 
positive EV (PEV) bets. Eight of them had an EV of — $0.525 per roll, and so 
will be called the negative EV (NEV) bets. Eight of them had an EV of $0.00, and 
so will be called the zero EV (ZEV) bets. All bets of a given EV were paired with 
one another according to Ross's optimal order for pairs in the method of paired 
comparisons. Thus there were 84 pairs of bets in all. (For a fuller description of 
the bets, see the report of the constant-EV experiment, or see Table VIII.) 

Subjects. The Ss for the full repetition of the constant-EV- experiment (which 
will hereafter be called the replication) were 11 men, randomly chosen Johns 
Hopkins undergraduates. The Ss in the classroom-group were 47 members of a class 
in educational psychology in the Summer School of Education at Harvard. The 
members of this class were mostly high school teachers seeking advanced degrees, 
and so were very different both from the Hopkins undergraduates and from the 
Harvard undergraduates used in the original constant-EV experiment. 

Procedure. The procedure used in the replication was the same as that used in 
the original experiment, except that only in the first;two sessions (instead of the 
first four) were Ss run under the condition of just imagining they were gambling, 
and only the next two sessions (instead of the next six) involved gambling for 
chips which were not exchanged for money. The last four sessions in both experi- 
ments involved real gambling. (Another difference in procedure was that a research 
assistant collected the data in this experiment, while the author collected the data 
in the previous experiments.) 

In the classroom-situation, a slide of the pinball machine was shown the stu- 
dents, and the general nature of the experiment was explained, Then the slides 
containing pairs of bets were presented, one by one. They were presented in order, 
first PEV, then NEV, then ZEV. This is, of course, a procedure different from that 
used in the constant-EV experiment and the present replication of it, in which the 
PEV, NEV, and ZEV cards were shuffled. Unfortunately, the end of the hour was 
approaching when the ZEV bets were reached, and it was necessary to hurry the 
students in making their choices. This fact is reflected in the ZEV results. 


Results: (1) Imaginal sessions. Fig. 1 shows the results of the PEV bets 
from the classroom situation and this replication of the cofistant-EV ex- 
periment for the just-imagining sessions. The PEV results of the constant- 
EV experiment just imagining sessions are included for comparison. The 
measure of relative preference on the ordinate is the number of choices 
for each bet over all others with which it is compared, divided by the to- 
tal number of judgments made at this EV. It is at once apparent that the 
agreement is excellent among the three curves, Fig. 2 shows the same 
results for the NEV bets, and Fig. 3 for the ZEV bets. Again agreement 
is excellent. The flattening of the ZEV classroom results is caused by the 
speeding of judgments made necessary by the approaching end of the hour. 
» The assertion that these curves appear similar is supported by the prod- 


7 7 
*R. T. Ross, Optimum orders for the presentation of pairs in the method of paired 
comparisons, J. Educ. Psychol..25, 1934, 375-382. 


1 NE 


NW 


RELIABILITY OF PROBABILITY-PREFERENCES 71 


w 
o 
z 
w 
a 
w- 
u 
m 
[3 
a 
w 
H- 
E 
Pan 
3 
ul 
a 
ORIGINAL 
CLASSROOM 
—-— REPLICATION 
. PROBABILITY OF WINNING 


Th Fi, 1. PEV RESULTS FoR JUsT-IMAGINING SESSIONS IN EXPERIMENT I 
FERE labelled "Replication" shows the results of this replication of the con- 
room V experiment, The curve labelled “Classroom” shows the results of the class- 
us m experiment, The curve labelled "Original" shows the PEV results for the 
nstant-EV experiment just-imagining sessions, which are included for comparison. 
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RELATIVE PREFERENCE 
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Fic. 2, NEV ResuLTS FOR JUST-IMAGINING SESSIONS IN EXPERIMENT I : 
The curve labelled “Replication” Shows the results of this replication of the S 
stant-EV experiment. The curve labelled “Classroom” shows the results o! ike 
classroom experiment. The curve labelled “Original” shows the PEV results ioe 
constant-EV experiment just-imagining sessions, which are included for compati 
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Fic. 3. ZEV RESULTS FOR JUST-IMAGINING SESSIONS IN EXPERIMENT I 


AG curve labelled “Replication” shows the results of this replication of the con- 
P: t-EV experiment. The curve labelled "Classroom" shows the results of the class- 
om experiment. The curve labelled "Original" shows the PEV results for the 


“onstant-EV experiment just-imagining sessions, which are included for comparison. 


_ ing up the Braph of the worthless chip-sessions in the report of the ory 
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uct-moment correlation coefficients between them given in Table I 
these and for all other correlation coefficients to be reported in this pa 
= 0.71 is significantly different from Zero at the 0.05-level, 

(2) Worthless-chip sessions. The results of the worthless-chip sessi 
for all bets, with the results of the constant-EV experiment included 
comparison, are presented in Table II. The numbers in the table are cal 
lated the same way as the numbers which appeared on the ordinates ol 


TABLE I 


Inrercorretations Amone ResuLTs or THe Constant-EV EXPERIMENT, THE PRESEN 
REPLICATION, AND THE CLASSROOM EXPERIMENT POR THE Just-Imacininc Conpitio 


Experiments correlated PEV NEV ZEVI 
Constant-EV and replication .88 08 
Constant-EV and Wiener .95 L 8 .85 
Replication and classroom +93 -95 86 


previous graphs. A better idea of the exact nature of the difference betw 
the just-imagining and the worthless-chip results can be gained from 
graph of the data in Table II, or the same effect can be achieved by lot 
inal experiment. Of course, no classroom data are shown in Table II, sin 
there was no way of having the classroom members actually operate tl 


TABLE II 
ResuLTs or WonrHLEss/Cut? Sessions 
Probability PEV 
Now NR Le i NV - 
or losing Replication Original Replication Original Replication Orig 
e 
1/8 0958 0833 d .218; -IXI ot 
2/8 +1347 +1037 A aa x d +1299 4 
3/8 +1055 -1329 -1737 +1632 1201 I 
4/8 +2175 -1895 +0844 .1195 .18o1 x 
p +1185 1305 +0990. 0942 ag -I 
6/1 -0909 1096 1299 -109r .1136 I 
9/8 .I201 1200 .0909 -0699 1169 r 
8/8 +1169 -1305 +0503 -0313 +0763 9 
r=.84 T—.94 r—.96 


pinball machine, even for worthless chips. Once again, for all three 
the agreement is excellent, but trends which were very slight in Figs. 
and 3 are here slightly more pronounced. In the PEV and ZEV res 
the 3/8 probability of winning is slightly less liked than the 2/8. In 8 
NEV results, the 4/8 probability of losing is slightly disliked relativ 
those around it (the opposite of the Special preference for the 4/8 
found in the PEV and ZEV results). These minor trends were not fou 
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in the Harvard Ss. They are too small to make much Ren in this 
part of the experiment, but are visible in much more pronounced form in 
the results of the real-money sessions. 

(3) Real money sessions. Table III shows the results of all bets for the 
real-money sessions. Again there is agreement, but here the low point at 
3/8 for the PEV and ZEV bets and at 4/8 for the NEV bets is marked. 
The low correlation between the NEV real-money results for the original 
and those for this replication of it should not be taken to mean that the 
pattern of probability-preferences is not present. The avoidance of the 4/8 


TABLE III 
Resutts or Reat-Money Sessions 
Probability PEV e NEV ZEV 
of winning ———————— 

or losing Replication Original Replication Original Replication Original 
1/8 -1347 .1116 A7] .1957 .1518 +1399 
2/8 +1356 .1265 .1250 .1719 .160]- -1592 
3/8 0909 .1376 .1688 .1652 .1144 .1563 
4/8 2175 «1830 .0706 +1116 .2045 .2009 
5/8 .1282 .1406 +1331 «1049 -1315 +1339 
6/8 0747 0900 1672 .1265 .o820 -0677 
7/8 .0950 .0975 -1315 .o871 .0552 .o804 
8/8 .1234 E -0860 0372 0998 .0618 

72.85 T—.4l r= .88 


probability of winning and the preference for the 6/8 probability of 
winning are there, as usual. There is a tendency, though it is smaller than 
usual, to prefer low probabilities of losing large amounts. In the NEV 
results there is a tendency for Ss to choose in a manner opposite to their 
choices on the PEV bets. This trend was commented on in the report of 
the constant-EV experiment. It is much more marked here. 

_ Discussion, Yt is evident that probability-preferences are quite reliable, 
in the sense that they can be reproduced from different groups of Ss under 
Similar conditions. The peak at 4/8 and descent to 6/8 which is character- 
istic of the probability-preference pattern for PEV and ZEV bets shows 
Consistently in all groups in this experiment; as does the trend towards 
preferring low probabilities of losing large amounts in the NEV bets. The 
Seneral willingness to take risks increased as this experiment progressed 
from imagining to worthless chips to real gambling, as it did in the 
Constant-Ey experiment. In short, all of the major properties of pibba« 
bility- preferences were! reproduced in this experiment. 


LJ 
The introdüction of the valleys at 3/8 for the PEV and ZEV bets and 


4/8 for the NEV bets, although new, is foreshadowed in the graphs of 
e 
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deviations from regression lines in the constant-EV experiment, Presumably, 
these new phenomena represent intensifications of effects already present to 
some small degree in the old data. Why they should appear here, and in | 
particular why they should appear in the worthless-chip and real-gambling | 
data and not in the just-imagining data, is not clear. The most obvious 
hypothesis, that the pinball machine behaved in some way differently, is 
wrong. Every effort was made to ensure that the operation of the pinball” 
machine was the same for this experiment as it had been for the previous 
experiment, 3 
i 
Mosteller has developed a test for use with Paired-comparisons data which meas 
ures the goodness of fit between the original proportions and a set of Thurstong 
(Case V) scale points derived from them.“ This test serves as a test of the uni 
dimensionality of the original data. Application of this test to the classroom data | 
from this experiment results in a chi-square significant beyond the 0.01-level for 
each EV, indicating that the choices were not unidimensional, and so no Thurston” 
Case V scale may legitimately be derived from them. Actually, it would be most | 
remarkable if they were unidimensional, Each bet involves two stimulus-dimensions | 
amount which can be won and probability of winning. It is not at all surprising | 
that the combination of these two dimensions into one set of bets should result in” 
, Non-unidimensional patterns of choices among these bets, Of course, this does mt 
mean that the choices were made randomly. Kendall has developed a coefficient of 
agreement for paired comparisons which is essentially a generalization of his rank 
correlation coefficient (sau).* Such Coefficients were calculated for all three EVs in 
the classroom experiment, All were Significant beyond the 0.001-level, showing 
that Ss definitely agreed with one another in their choices more than chance. If 
they agreed with one another, they cannot have chosen randomly. 


EXPERIMENT II: EXTRANEOUS VARIABLES 


A series of specific questions about the effects of wording, previous rolls 
and other similar variables which can be expected to be important in 
gambling experiments was raised by the constant-EV experiment. A se 


ties of small experiments was designed to answer these questions. These 


experiments were mixed up together, and each S was run on all of them 
simultaneously. The Ss were 11 of the 12 Harvard undergraduates used if” 


the constant-EV experiment, (The twelfth had meanwhile graduated.) 


Each S ran through the deck of cards, which contained the sub-experiments 
described below, 


six times under real gambling conditions. The tapes which 
Programmed the pinball machine were random except that on trials 30, 3b - 


*F. Mosteller, Remarks th paired i x of signif 
a ller, 5 on the method of compafisons: III. A test of sig? 
cance for paited comparisons when equal standard deviations and equal correlations 
are assumed, Psychometrika, 16, 1951, 207-218. 

M. G. Kendall, Rank Correlation Methods, 1948, 
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and 32 all Ss rolled 4; on trial 33 they rolled 1 or 6; and on the last trial 
they rolled 2 or 8. Three different tapes with these properties were pre- 
pared, and each was used on two of the six days. 


Wording of Zev bets. One of the major findings of the constant-EV experiment 
was that the ZEV results very much resembled the PEV results. (This finding was, 
of course, confirmed in the replication reported above.) The obvious hypothesis to 
explain this finding, based on the fact that the ZEV bets read like the PEV bets 
except that possibilities of losing are added, is that Ss in reading a bet pay attention 

. for the most part only to the statements about what they can win, rather than those 
about what they can lose. In the constant-EV experiment, however, the ZEV bets 
were always written with the statement about winning first and the statement about 
losing following, e.g. "If you roll a2, a 3, a 5, a 7, or an 8, you win $0.84. If 
you roll anything else, you lose $1.40." Perhaps Ss pay attention to whatever comes 


first, regardless of whether it is the winning or the losing part of the bet. To check 
" 


TABLE IV 
ResurTs or ZEV Revensep WORDING EXPERIMENT 
Probability of Reversed Normal 
winning wording wording 

1/8 .1677 1399 

2/8 .1425 1592 

3/8 .1412 1563 . 

4/8 .1766 2009 

5/8 +1033 1339 

6/8 +0909 

7/8 .1001 0804 

8/8 +0779 0618 

r—.89 


this possibility, a set of ZEV cards was prepared for this experiment in which the 
Order was reversed; the possibility of loss was named first and the possibility of 
winning came afterwards. : € 


Results. Table IV shows the results of Experiment II. The real-gambling 
ZEV results of the original experiment are included for comparison, It 
is clear that the results of reversed wording are very similar to the results 
of the previous wording, so it is reasonable to conclude that the order of 
Wording does not make much difference. It seems likely that Ss simply pay ° 
more attention to statements about what they can win than to statements 
about what they can lose, regardless of wording,or location, at-least so far as 
Ptoperties of wording and location are changed by this experiment. 

Payoff cells and number of bets. The eight cells at the base of the pinball machine, 


into one of which the ball must roll, are numbered 1 through 8 from left to right, 
It Seems quite likely that preferences for position and number are involved in Ss 


choices. Any exhaustive test of this possibility would require a tremendous anfbunt 
of experimentation, but a miniature exploration of it was attempted. 


e . \ oe 
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Bets were selected’ for the 2/8, 4/8, 6/8, and 8/8 probabilities of 
losing. Table V shows these bets. The cells which pay off are very differ 
those which paid off in the corresponding bets in the constant-EV experim 
are, of course, only four bets, and therefore six pairs, at each EV. 


The results are shown in Fig. 4. Two curves representing the 
the constant-EV experiment are included in each section of the fi 
comparison. The one called ‘transformed’ is made up of the poin 
sponding to these probabilities on the appropriate curves in the const r 


TABLE V 
Wonrpinc or Bers rv Cuancep Payorr Certs EXPERIMENT 
Positive Expected Value 


à If you roll a x or an 8, you win $2.10. If you roll anything else, you win noth 
(2) If you roll a 1, a 2, a 7, or an 8, you win $1.05. If you roll anything else, you n 
(3) If you roll anything but a 4 ora 5, you win $0.70. If you roll a 4 or a 5, you win 

(4) Regardless of what you you win $0.55. 


Negative Expected Value 


The four bets with negative expected value are identical with those listed above x 
that the verb in each bet is "lose" instead of “win.” 


Zero Expected Value 


iP If you roll a x or an 8, you win $2.10. If you roll anything else, you lose $0.70. 

2) If you roll a 1, à 2, a 7, or an 8, you win $1.05. If you roll an hing else, you lose: 
e If you roll anything but a 4 or a 5, you win $0.70. If you roll a 4 or a 5, you lose $3 
4, 


Regardless of what you rol you neither win nor lose. 

experiment. The curve called ‘calculated’ is based on the fact that 
pair of bets used in this part of this experiment is identical in probabi 
and amount of payoff with one of the pairs used in the constant-EV ex 
ment. The corresponding pairs in the constant-EV experiment v 

scored as though they had been a replication of this experiment, an 
result is the calculated: points. It is readily apparent that in all cases a 
ment between this and the constant-EV experiment is excellent, in 


of differences in wording and in the number of bets being paired with 
, another. : 


previous experiment might show systematic differences due to wo : 
The results of 'the fourth group were indistinguishable from the 
resulta for this experiment presented in Fig. 4, giving further weight 
the conclusion about the effect of teversed wording on ZEV bets which 
presented above. à à 


1 


In BFUCriR so far as the limited procedures of this experiment go, i 
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possible to conclude that number-preferences, position-preferences, and the 
number of alternative bets are not important determiners of choices in 
situations like that used here and in the previous experiments. 

Effect of previous roll. It seems likely that Ss are influenced in their choices by 


the number rolled on the pinball machine on preceding trials. In reports after 
sessions in previous experiments, Ss have named this as one of the determiners of 


«20| 
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Fic. 4, REsULTS OF CHANGED PAYOFF-CELL EXPERIMENT 
gs surves labelled “Results” show the results of this experiment. The curves 
übelled Transformed” are taken from the constant-EV experiment. The curves 


labelled "Calculated" are calculated from the constant-EV experiment.) 
e 
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their choices, but observation of their behavior raised some question as to whether 
they were correct in their convictions. To test this theory thoroughly would require 
à tremendous amount of experimental work, but an approximate test for one Special 
t Was, easy to make. Two identical cards were prepared. Alternative A on each 
A. If you roll a 4, you win $4.20. If you roll anything else, you win nothing." 

lternative B was “If you roll a 2, a 3, a 5, a 7, or an 8, you win $0.84. If you 
‘oll anything else, gu win nothing.” Alternative A was, of course, selected because 
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it is the only bet in the usual list of PEV bets which involves only one winning 
cell on the pinball machine. Alternative B was a neutral alternative, which did not 
pay off on 4, 

Of these two duplicate cards, one was presented to Ss as the first card in the 
deck, The other was presented as the thirty-third card. On both cards, the tape of 
the pinball machine programmer was arranged to give a 1 or a 6, so that no question 
of reinforcement could arise. On the thirtieth, thirty-first, and thirty-second cards, 
every S rolled a 4, The cards for those places in the series were so chosen that a 4 
neither won nor lost any money (reinforcement could not occur). It might be 
supposed, then, that if the previous rolls are important, some of the Ss who pre 
ferred alternative A on the first card might switch to B on the second card, on the 
hypothesis that "I've just rolled 4 three times; I can't possibly do it again.” ` 


The results of this part of the experiment are given in Table VI. It is 
apparent that more people switched away from the long shot (9) than 


TABLE VI 
Cuotces or ALTERNATIVES A AND Bin THE Experiment ON Previous Rotts 
Second roll 
First roll 
A B 
3 A lige! 2 
B 9 37 


switched toward it (2). A test of whether the off-diagonal terms are equal, 
computed with the exact binomial, comes out not quite significant 
(p = 0.065). 

Tt seems likely that the tendency to change in favor of the long shot on 
the second roll was caused by the excitement of the ongoing gambling, 
which encouraged Ss to be less cautious than they had intended to be. The 
general conclusion to be drawn from this part of the experiment is that 
so far as this very special and limited test is concerned, the previous roll 
does not have too much effect on choices in subsequent rolls, This conclu- 
sion was borne out by the spontaneous comments of two Ss, who said 
when choosing on card 33, “I can't possibly roll another 4—but I'll take 
A anyhow, It's only money." ' 


Extreme bet, One approach, to the problem of the effect of changing the amount 
of money involved in a bet is to compare bets of the same EV but with even greater 
extremes of probability of winning than those nearest them in the range of already- 
familiar bets. This was done in a very tentative way. One card was prepared: 
Alternative A was “If you roll a 4, you win $4.20, If you roll anything else, you 
win nothing.” Alternative B was “If you roll a 1, a 3, a 5, or a 7 on the first roll, 
you take a second roll. If you roll a 4 on the second roll, you win $8:40. If you are 
not, successful on both rolls, you win nothing.” This card was the very last cat 


2 


t 
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- was put there because some Ss were so far behind that it was desirable 
to win $8.40, and so they were allowed to win it on the last day, 
t affect their subsequent behavior. Out of 66 choices made by all 
64 were for alternative B, The result seems due to the fact that 
t bet. Ss did not expect to win on it, according to their comments, 
‘the last day no one did win on it, since all Ss rolled a 2 or an 8 
ll; nevertheless, all Ss liked this card, looked forward to it, and ex- 
the chance of winning $8.40 when it turned up. It would have been 
try a similar card with a negative instead of a positive EV, but any 
imentation of this sort should not put the card at the end of the 


clusion. In Experiment IL, no evidence was found to de- 
in probability-preferences as the explanation for the results 
the constant-EV experiment and Experiment I. Wording, choice 
; to pay off, and previous rolls proved to be (in the sketchy tests 
by this experiment) relatively unimportant in determining 


EXPERIMENT III: NoN-GAMBLING RISKS 


iments so far in this series were done with a pinball machine, 
, and monetary bets of a particular kind—in short, all of them 
quite similar. The repeated discovery of the same pattern of 
| similar situations shows that the pattern is recoverable from 
and under small variations in experimental conditions. It is 
ever, to find out in how many places in the field of risk- 
this pattern may be expected to occur, particularly whether 
in a risky non-gambling situation. To study this question, 
was designed which transferred all the formal properties 
nt-EV experiment (and its replication here) to a totally dif- 
zambling situation. 


visual display was the principal apparatus. It consisted of a painting 

p of an island, On this island's shores, spaced at approximately 
and located on indentations of the shore-line, were eight ports, each 
sounding two syllable English name (e.g. Cumnock, Hartfell, Gosforth, 
On a table in front of $ were eight buttogs, each with the name of a 

ute for delivering ‘chips’; a hole for returning them (the chute and 
ted with a conveyor belt, which cartied the chips to and from 5); 
‘When S pressed a button, the area around the corresponding port 
ted up. E could turn on a much more intense light in the center 
, and could extinguish all lights and at the same time operate thg 


groups of Ss were used in this experiment. One was the same 
E . E 
: . 
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group of 11 randomly chosen Hopkins undergraduates described in Experim 
this paper. Experiment III was conducted after Experiment I and several. 
studies. Another group of 12 randomly chosen Johns Hopkins undergradu 
van through this experiment first, and afterwards through two sessions of gaml 
for worthless chips on the pinball machine under conditions exactly like thos 


Experiment I. 


Procedure. Each S in this part of the experiment was told: 


“You are an admiral in the U. S. Navy, assigned to command a small amphib 
task force. The mission of your task force is to capture as much as possible ol 
output of an enemy ammunition factory located in the interior of this island, 
do not have the resources to attack the actory directly, but you know that its ou 


(1) Sneak attack. You attack one or more ports with small numbers of. 
quietly, and with no preliminary bombardment, hoping to surprise the enemy, 
capture the ammunition shipment. If you attack the port where the ammun 
shipment is, then you succeed. Otherwise you fail, but lose no ammunition. 
_ (2) Preventive attack, You will at times be ordered to attack when the a 
tion shipment is too well guarded to capture. In such cases, you have of cours 
hope of gaining ammunition. If, however, you attack the port where the ammun 

; is located, then you will fight with the guard, and consequently lose ammun 
Therefore your purpose in this kind of attack is to attack ports where the amm 


tion shipment is not located, if possible. In this type of attack, you can lose 
munition, but cannot gain any. 


located, then you lose ammunition, because you have used it in the attad 
do attack the port where the pent is located, then you gain substantial amoi 
e amount used in the attack.” 


Of course, each sneak attack corresponds to a PEV bet, each preventive 
corresponds to a NEV bet, and each attack in force corresponds to a ZEK 
Table VII shows the actual wording of three of the twenty-four different 
From hete on all these attacks will be referred to as though they were PEV, 
or ZEV bets. 

Each bet was paired with all others of its EV according to Ross's optimal 
for pairs in the method of paired comparisons. Each pair was typed on a caf 
the resulting deck of cards was given to S, along with chips to represent 200, 
pounds of ammunition. Three different kinds of empty cartridge cases wore} 
as the chips, each kind representing a different amount of ammunition. If $ wo 
bet, the proper number of chips was delivered to him by the conveyor: belt; 
lost, he inserted the proper number of chips into the hole and the conveyOf 
carried it through the wall to E, When S decided which of the two alternati 
5 card he preferred, he pressed the buttons which had on them the names 0 
ports which that alternative required him to attack. E, in the next room, then tut 
9n a more intense light which indicated in which port the ammunition was actu 
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located, and S received or gave up chips accordingly. Then E cleared the display 
and operated the counter, and S went on to the next card. 


Results, There are no important differences between the group which 
was run on the pinball machine first and the island display second and 
the group which was run in the reverse order, so the data from the two 
groups are pooled here. The results from the PEV, NEV, and ZEV bets 


TABLE VII 
SAMPLES or THE ATTACKS USED IN THE IstAND DISPLAY EXPERIMENT 
Corresponds to PEV Bet 


(1) This is a sneak attack. You attack Hartfell, Duffus, and Frinton. If the ammunition ship- 
ment is in one of the attacked towns, you capture 14,000 pounds of ammunition. If it is 
not, you lose no ammunition. 


*Corresponds to NEV Bet 


(a) This is a preventive attack. You attack every town except Nayland. If the ammunition 
shipment is in one of the attacked towns, your forces are repelled and you lose 6,000 
pounds of ammuntion. If it is not, you lose no ammunition. 


Corresponds to ZEV Bet 


() This is an attack in force. You attack Cumnock and Gosforth. If the ammunition shipment 
is in one of the attacked towns, you capture 21,000 pounds of ammunition. If it is not, 
you expend 7,000 pounds of ammunition. 


on the island display compared with the corresponding bets on the pinball 
machine are shown in Figs. 5. 6, and 7, respectively. It is at once apparent 
that the tremendous differences between the two situations have produced 
substantial differences in patterns of choices, but these differences are not 
30 great as to obliterate the main features of the probability-preference 
pattern. In Fig. 5, the relative peak at 4/8 and the relative valley at 6/8, 
which are the, main features of PEV probability-preferences, can still be 
found in the island-game results. In Fig. 6, the trend to prefer bets with 
low probabilities to those with high probabilities, which is characteristic 
of NEV probability-preferences, appears in the island-game results, al- 
though the 1/8 point violates it. In Fig. 7, where the agreement is least 
good, the island-game results still show a very small relative peak at 4/8 
and a similarity of trend. 

It is interesting to note that the general rule fond in the constant-EV 
experifhent; namely, that the PEV and ZEV results are very much alike, 
holds here also. Indeed, the PEV and ZEV results with the island game 
ate almost as much like each other as they are like the pinball results with , 
which they are compared. 2 

k In spite of the differences between. the island game and the gambling 
Situations in which probability-preferences were discovered, elements of 
€ 


. 
c 
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results. It seems likely that those elements which did show up in the island- 
game results can be regarded as general features of responses to risks, not 
confined to gambling with the pinball machine, or indeed to gambling 
itself. 


the probability-preference pattern can still be found in the island-game 


RELATIVE PREFERENCE 


—— ISLAND GAME 
PINBALL GAMBLING 


PROBABILITY OF WINNING 


Fic. 5. PEV IsLAND-DisPLAY RESULTS COMPARED WITH PEV PINBALL RESULTS 
9 


2 EXPERIMENT IV: DIFFERENT-EV LEVELS  , 


All of the experiments described so far in this paper, and all of thos? 
described in the report of the constant-EV experiment, were based on #° 
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EV of $0.525 per roll. The probability of winning or losing and the 
amount of money which could be won or lost have been tied variables, since 
whenever one is changed the other also must be changed in order to keep 
the EV constant. Theoretically, therefore, all of the results found so far, 


RELATIVE PREFERENCE 


ISLAND GAME 
PINBALL GAMBLING 


1 
8 8 5 3 8 8 8 8 
i - PROBABILITY OF LOSING 
Fic. 6. NEV IsLAnD-DıspLAY RESULTS COMPARED WITH NEV PINBALL RESULTS 


Which have been attributed to preferences among probabilities, might in- 
stead have been attributed to preferences among the amounts of money iù- 
volved in the bets. The report of the original constant-EV experiment dis- 
cusses in more detail how the concept of the subjective value of money 


x 
c 


c 
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(which economists call the utility of money) could be used to account 
for these results. The crux of this discussion is that for the results so far 
it would be possible to draw an interval scale of the utility of money which 
would predict the choices which Ss actually made in these experiments, 
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Fic. 7. ZEV IsLAND-DisPLAY RESULTS COMPARED WITH ZEV PINBALL RESULTS 


Such a scale would have several inflection points and so would look a bit 
peculiar, but it could be drawn. A method for determining these scales 
experimentally has been proposed in very general form by von Neumann 


RELIABILITY OF PROBABILITY-PREFERENCES 87 


and Morgenstern’ and put into practice by Mosteller and Nogee.* The 
difficulties for this method raised by the phenomenon of probability pref- 
erences have been discussed in the previous papers. i 


In this experiment, bets located at several different positive and negative EV 
levels are used? What results should we expect from this experiment? If we 
assume that the results should be primarily accounted for by means of utility curves, 
two possibilities exist. The first is that the utility curve increases linearly with the 
dollar-scale of money. If so, it is identical with the dollar-scale, since the origin 
and the unit of measurement of a utility curve are arbitrary. Consequently, a linear 
utility curve should lead to random choices between bets of equal EV. We know 
that the choices in previous experiments have not been random, so we can teject 
the hypothesis of a linear utility curve. If the utility curve is non-linear, however, 
then a markedly different set of choices should be made at each different EV-level 
(since at each different EV-Jevel different amounts of money, falling at different 
places on the utility curve, are involved in the bets), and it should be possible to 
draw at least one utility curve consistent with all these sets of choices. If these two 
\predictions are not fulfilled, we can reject the original assumption that the results 
of experiments like these should be primarily accounted for by means of utility 
curves, 

Suppose we make the alternative assumption that the results should be primarily 
accounted for by preferences among probabilities. What should we expect from this 
experiment? So long as the probabilities are the same, the EV-level should make 
no difference (so long as PEV curves are not compared with NEV curves), and 
therefore the choices at different EV levels should be substantially the same. We 
shall find that this is the case. 

Subjects. Two different groups of Ss were used. One was the same 11 randomly 
selected Johns Hopkins undergraduates used in Experiment I. The other was a 
classroom group of 43 members of a course in Business Psychology at McCoy College 
(the night school of Johns Hopkins University). The McCoy students were mostly 
men and women who had been in business for some time, and were of: course much 
older than the Sndergraduates. 

Procedure. Three sets of bets were used. One was the set used in the constant-EV 
experiment, which has an EV of $0.525 per roll. The second set of bets had an 
EV of $0.75 per roll, and the third set had an EV of $0.30 per roll. Eight PEV 
bets and eight NEV bets were prepared at each EV-level (Table VIII). Each bet 


Was paired with each of the others at its own EV-level according to the method of 
ae 


D 
uu von Neumann and O. Morgenstern, Theory of Games and Economic Bebavior, 
* Mesteller and P. Nogee, An experimental measurement of utility, J. Polit. Econ. 
59, 1951, 371-404, 
af In this experiment, each choice was between the members of a pair of bets each 
which had the same EV as the other. In one of the previously reported experi- 
RS each choice was between the members of a pair of bets'in which one bet had 
4 larger EV than the other. These two different experimental arrangements of course 
eye very different results. For the experiment in which the members of each pair 
is ets had different EVs, see Edwards. Probability preferences among bets with 
ering expected values, op. cit., 56-67. 
© S E 
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paired comparisons, Thus, there were six different sets of 28 pairs of bets 
having the EVs +$0.75, +$0.525, +$0.30, —$0.30, —$0.525, and —$0.75 pe 

The classroom group was shown a slide of the pinball machine, told abot 
functioning (but not that it was rigged), and then shown slides of each 9j 
168 pairs of bets and asked to imagine they were gambling. This procedure is x 
cal with that used in the classroom experiment described in Experiment I. OF G 
the classroom Ss made their judgments only once. The individually run 


TABLE VIII 
Bers Usen rN Expertment IV 
Positive Expected Value= $0.75 
1) If you roll a 4, you win $6.00. If you roll anything else, you win nothing. 3 
2) If you roll a 1 or a 7, you win $3.00. If you roll anything else, you win nothing, — 
3) If you roll a 2, a 4, or a 6, you win $2.00. If you roll anything else, you win nothi 
" If you roll a 2, a 4, à 7, or an 8, you win $1.50. If you roll anything else, you win 
5) If you roll aa, a 3, a 5, a 7, or an 8, you win $1.20. If you roll anything else, y 
TX e 
6) If you roll anything but a 3 or a 6, you win $1.00. If you roll a 3 or a 6, you win 
If you roll anything but a s, you win $0.86. If you roll a 5, you win nothing. 


@) Regardless of what you rol, Jou win Se 


Negative Expected Value= $0.75 3 
The eight bets with a ti value of $o. identical with those listed al 
pts OE kn e nol vi he adl 

% Expected Values of $0.525 and $0.30 


The bets at these levels of expected value are identical with the two sets of bets d escr 
wi Pondus un ee E mone} involved. The amount of money involved inj 


Probability $0.75 $0. 525 $0.30 
1/8 A $6.00 $4.20 $2.40 
2/8 3.00 i 10 1.20 
3/8 2.00 1.40 0.80 
4/8 1.50 1.05 ©.60 
5/8 1.20 0.84 0.48 
6/8 1.00 0.70 0.40 
7/8 0.86 0.60 0.34 
8/8 0.75 0.53 0.30 


Results, Fig. 8 shows the PEV results for the individually run Ss. Y 
usual features of probability-preferences are all present. There is a p 
4/8, a valley at 6/8, and the valley at 3/8 which has shown up in all 
gambling experiments using Hopkins Ss, although it did not show up l 
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the original experiment using Harvard Ss. The only major difference is 
that the $0.75 EV has its valley at 7/8 instead of 6/8. It is obvious that 
the three curves are very much alike. Fig. 9 shows the NEV results for 
the individually run Ss. Again the three curves are very much alike. As 
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Fis. 8. PEV RESULTS FOR INDIVIDUALLY RUN Ss AT THREE DIFFERENT EV-LEVELS 


usual for real gambling with Hopkins Ss, the NEV curves look like the 

Inverse of the PEV cutves. č 

In Figs. 10 and 11 the PEV and NEV results for the classroom group 

are shown. Although much reduced, the usual peak at 4/8 and valley at 
e [s x 
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6/8 are present in the PEV curves. The $0.75 curve is again slightly deviant, 
The NEV curves are very much like all previous NEV curves. The dif- 
ferences between the results for the individually run Ss and the classroom 
group, of course, should be attributed to the fact that the members of the 
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Fic. 9. NEV RESULTS FOR INDIVIDUALLY RUN Ss AT THREE DIFFERENT EV-LEVELS 


dassroom group were just imagining that they were gambling, while the 
jndividually run Ss were gambling for real money. Similar differences were 
found between these two conditions in the constant-EV experiment. Table 
IX shows the correlations among the various sets of results. 
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ligs. 8 and 9 compare sixteen triplets of bets. Each mem- 
let has the same probability of winning as the other two mem- 
e amount of money involved in it and its EV are different from 
Nevertheless, all three members of a triplet were preferred 


—-— 40.30 EV 
= 0.524 EV 
Ec $0.75 EV 


8 8 8 38 
i PROBABILITY OF WINNING 


). PEV RESULTS FOR CLASSROOM Ss AT THREE DIFFERENT EV-LEVELS 


lal extents to the other bets of the same EV with which they 
ared. This was true for all sixteen triplets. The inevitable con- 
that these preferences were based on the probabilities involved in 


[ 
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the bets, which the members of a triplet have in common, rather than the 
amounts of money involved, which are different for each member of a 


triplet, 


Fic. 11. NEV RESULTS FOR CLASSROOM Ss AT THREE DIFFERENT EV-LEVELS 


These results rule out all possibility of explaining the phenomenon 
Which has been called ‘probability-preferences’ throughout this, series of 
‘papers by appeal to the utility of money. An attempt was made to con- 
struct a group utility curve which would account for the data from this 
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the most permissive reasonable rules. These rules were: 
00 is O utiles, the utility of +$0.30 is 30 utiles, the utility 
—30 utiles (these assumptions determine scale and origin, 
erwise affect the shape of the curve), the utility of money 
: monotonically with increasing dollar-value of money, and 
a difference in favor of the preferred bet of at least half a 
utility between two bets, one of which is preferred to the 


ble, it turns out, to construct a utility curve which meets all 
nents from the data of this experiment. Inconsistent points oc- 


TABLE IX 
"INTERCORRELATIONS AMONG Dirrerent Levers or ExPecTED VALUE 
Positive expected value Negative expected value 
Classroom Individual Classroom Individual 
.8s 72 -94 «To 
E 78 +93 B 
.88 Hn -97 Dri 


positive and in the negative regions of the curve. In order 
inconsistencies, it would be necessary to reduce the mini- 
rence in expected utility between bets one of which is preferred 
to about 1/20 of a utile. Even so, there would be at least 11 


joints between —$6.00 and +$6.00. Such a curve is manifestly 


: be objected that the utility of money may be different for dif- 
and the inconsistencies come from combining the results of 
ents across Ss, To check on this possibility, four of the Hop- 
luate Ss were randomly selected, and an attempt was made 
ity curves in the same way to predict each S's individual 
each case there ‘were inconsistent points, and even if the 
nce in expected utility between bets were to be reduced 
smove these inconsistencies there would be too many inflection 
ke a reasonable utility curve. 
- concluded that these data cannot be accounted for by appeal 


3 convenient name used by Mosteller and Nogee for their arbitrary 
utiles discussed here, however, are smaller than those of Mostel- 


30 utiles as the value of -+$0.30 and —30 utiles as the value 


y = Foe 5 


Xe 


Mosteller and Nogee defined —1 utile as the value of —$0.05, _ 
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to the notion of the utility of money. Preferences among probabilities 
then, seem to be the only reasonable explanation. 

Tt would not be safe to assume that differences between subjective and 
objective values of money played no róle in the results. There are, after 
all, differences between the three different expected values. These differences 
are relatively small. It seems quite reasonable, however, to assume that 
they should be attributed to the operation of utilities. Verification of this 
assumption must wait on the development of a satisfactory method for | 
measuring utilities. Any such method, if it uses risk-situations, will have } 
either to measure and allow for probability-preferences (in which case a 
separate method of measuring probability-preferences must first be de- 
veloped, one in which utility plays no role) or else will have to hold 
probabilities constant. The latter seems the more promising possibility. 


GENERAL CONCLUSIONS 


The phenomenon of probability-preferences has been shown to occur in 
a wide variety of experimental results, The essential condition for its oc 
currence seems to be the presence of a risk-situation in which there is 4 
well-defined probability of gaining or losing something. It shows much 
the same characteristics regardless of the experimental conditions. Whethet 
other kinds of risks, notably sequential risks (such as a rat takes in à 
seties of trials in a T-maze), will also show the phenomenon of probability- 


preferences is a question which can, of course, only be answered by further 
research. 


SUMMARY 


A previous experiment has shown that choices betweei bets of equal 
expected value stated in terms of rolls on a pinball machine are influenced 
by preferences among the probabilities involved. This and subsequent re 
Search raised several methodological questions, which the four experiments 
here reported were designed to examine. , 

Experiment I showed that a replication of the previous experiment with 
different Ss and slightly different experimental conditions gave essentially 
the same results. Thespattern of preferences among probabilities reported 
in the previous experiment was found. The choices involved could not bë 
fitted to a unidimensional subjective scale. The Ss agreed with one another 
to a very highly significant extent, 

Experiment II showed that choices between pairs of bets were n 
substantially influenced by the wording of the bets, the outcome of pi 
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vious rolls of the pinball machine, or the number of bets being compared. 

Experiment III showed that the essentials of the pattern of preferences 
among probabilities could be found in a non-gambling game involving 
tisk, designed to be as different as possible from the pinball situation. 

Experiment IV showed that the same pattern of preferences among 
probabilities could be recovered at several different levels of expected 
value, It was not possible to find any reasonable scale of the subjective 
value of money which would be consistent with the results of the experi- 
ment. This finding was interpreted to mean that the results of experiments 
like these should be attributed primarily to preferences among probabili- 
ties rather than to differences between the subjective and the objective 
value of money. 


COMPARABILITY OF THE METHOD OF SINGLE STIMULI 
AND THE METHOD OF PAIRED COMPARISONS 


By Sney M. NEWHALL, Eastman Kodak Company 
This study is a comparison of two preferential judging methods for the 


purpose of estimating the interchangeability of the methods as used by 
appropriately instructed observer groups. The method of paired compati- 


, Sons commonly consists in juxtaposed comparisons of given related items 


in all possible pairs whereas the method of single stimuli consists in simple 
Successive sorting of the given items into several prescribed categories. 
Since the method of rating, traditionally applied for complex and esthetic 
evaluations, and the psychophysical method of so-called absolute judgment 
ate now recognized to be essentially the same, the expression, method of 
single stimuli, is here used as a general term covering both. 

Kodacolor prints and projected Kodachrome transparencies were the 
items judged in this study of the most widely used visual judging methods 
in the photographic industry. When color-print inspectors sort photographs 
one at a time into such categories as ‘accept’ and ‘reject,’ they are using the 
method of single stimuli. When experts attempt to determine the relative 
quality of several photographs by directly comparing each with every othet 
they are using the method of paired comparisons, 

The method of paired comparisons has long had the reputation of 
superiority in sensitivity and precision, but it is by far the more laborious 


FPES -———— > 
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and time-consuming when more than a very few items are involved. Fot - 


instance, the full method of paired comparisons, with the space error 
compensated, requires twice as many observations as the method of single 
stimuli when there are as few as 3 items to be judged; 4 times as many 
observations when there are 5 items; 9 times as many observations when 
there are 10 items; and so on, There are various advantages of thé method 
of single stimuli, in addition to brevity, and these have been summarized 
by Guilford. There is, then, a significant efficiency problem in determining 
whether the two methods yield sufficiently comparable results in actual 
judging situations with the materials of interest to justify more extensive 


, use of the one method at the expense of the other. 


he Accepted for publication December 8, 1952. 


» J. P. Guilford, Psychometric Methods, 1936, 279-280. 
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erable reason to suspect that a close relation might exist. First, 
elves are more similar judgmentally than would at first appear. 
"the individual develops a reference background which affects his 
of the method of single stimuli this reference background is 
fected deliberately by preliminary observations, but in any case the 
. develop during the course of the experimentation. Secondly, in 
arious items are likely to be observed in random order and each 
be most influenced by the most contemporaneous items. The chief 
that these items are present simultaneously in the one method. and 
the other. 
sntal studies have been reported which bear directly upon the point 
liest is that of Valentine on the pleasingness of musical intervals" 
rence correlation, rho, of his results with 5 Os and 12 intervals was 
method of paired comparisons, however, his Os were given the 
on “to judge each interval upon its own merits, and to avoid as far- 
ng influenced by the interval with which it was compared.” Such an 
ids to get away from the intent of the method of paired comparisons 
the judging abnormally like that of the method of single stimuli. Such 
ight have produced atypically close agreement of results. 
Is study by Tinker included comparison of the graphic rating method, 
m of ‘the method of single stimuli, with the method of paired com- 
first part of this study 30 Os judged 10 color patches with respect 
lue; and the group-results for the two methods correlated 0.835. In 
ups of 16 and 20 Os judged musical intervals by both methods; 
relations were 0.917 and 0.861. Because of interest in the true relation 
he ethods, Tinker also reported his correlations as corrected for attenua- 
rected coefficients were, respectively 0.973, 0.956 and 0.932. 
study employed 41 Os with two series of items, viz, 10 black 
ings and 10 geometrical forms.‘ In this study the: preferential fre- 
been converted to probability scale values prior to correlation. The 
ons between the methods of single stimuli and paired comparisons 


Part I 


rocedure was to secure from a number of Os comparable 
gments by the methods of single stimuli and paired com- 
several series of Kodacolor Prints of varied quality. Then the 
t CO! relation of the results of the two methods was computed to 


e 


tine, The method of comparison in experiments with musical inter- 
ect of practice on the appreciation of discords, Brit. J. Psychol. 7, 


35. 
Et Methods employed for ranking stimuli, J. Gen. Psychol., 5, 1931, 
ib A’ comparison of scaling methods for effective judgments, 
1936, 387-395. 
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determine whether the results were sufficiently similar to permit the substi- 
tution of methods.5 


Choice of materials. Three seties of 11 prints each were assembled from various 
sources for the experimental comparison of methods. A limited attempt was made 
to secure a moderate systematic difference in the extent of quality variation in the 
several series with Series A most restricted in quality variation, Series B somewhat 
more extended, and Series C somewhat further extended. The desire was, however, 
to keep all three distributions within the bounds of usual expected variability for 
color-print inspection and amateur photography. Then the obtained correlations, which 
on statistical principle might be expected to increase with range of variation, all 
might be considered conservative with respect to the situation of interest. 

The attempt to control the ranges was made in a preliminary experiment in which 
5 Os sorted many prints into five categories: ‘like very much,’ ‘like somewhat,’ ‘indif- 
ferent,’ ‘dislike somewhat,’ and ‘dislike very much.’ Then, by reference to the 
observed frequencies of these sortings three series of prints were so selected as to 
represent successively greater quality spreads. As it turned out, the differences in 


y 


variability were insufficient to produce consistent differences in the correlations; and - 


in view of the small z this is not surprising. 

Procedure. All preferential judgments were made individually at a gray-topped 
table under about 45 footcandles of 4500°K white fluorescent light. Every 0 
served in two sessions, one session for each method, 

In case of the method of single stimuli, a double slot-box was used for sorting 
into the categories ‘like’ and ‘dislike.’ E placed a series of prints in a special box 
from which O could conveniently withdraw them one at a time, and instructed him 
to “please sort these Kodacolor Prints one at a time into the appropriate slots, 
according to your like or dislike for the color balance and density. When in doubt, 
make a best guess.” 

In case of the method of Paired comparisons, the slot-box was replaced by a small 
easel upon which E juxtaposed the members of each pair of prints for comparison. 
The instruction was to “please indicate which of these two prints you prefer on 
the basis of color balance and density. When in doubt, make a best guess.” 3 

All the Os made five replications in all series with the method of single stimuli. 
The object of this was to secure the same amount of data by this method as was 
secured by the method of paired comparisons. Since the space error was not com: 
pensated in the method of paired comparisons, only 55 observations (11 prints X ? 
replications) per O per series were required for this purpose. 7. 

The orders of both the print series and the experimental sessions were randomized 


among the Os, Every O completed all three series by a given method in a given 
session, 


Results. The frequencies of the O's preferences for all prints in all series 
„by both methods were tabulated as a preliminary to correlation. These tab- 
ulations were carried out for the first trial alone, and for the first two trials 


D 


"Dr. R. W. Burnham and Mrs, Margaret Duck assisted substantially in the con 
duct of this study. 
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s well as for the summation of all five replications. Thus, it 
possible to see what effect, if any, is produced on the correlation 
ount of data taken by the method of single stimuli. In the case 
replications (with n = 11), the amount of data is the same, 
of the two replications it is 0.4 as much, and in the case of the 
itis only 0.2 as much as by the method of paired comparisons. 
tson correlations uncorrected for attenuation are given in Table 
how that even with the single trial the method of single stimuli 
much the same results as the method of paired comparisons. 
nore, plots of the correlation diagrams indicated that the relation- 
en the two variables was essentially linear. 

d's work had already shown that subjecting the observed fre- 
s to elaborate scaling routines of the Thurstone type would be 


d TABLE I 


RRELATIONS BETWEEN THE METHOD OF SINGLE STIMULI AND THE METHOD 
or PAIRED COMPARISONS 


Replications by method of single stimuli 


I ` 2 5 
E E E 
(e) 1969 loro 968 


s and would not affect the results.° This is because the observed 
s are themselves in relative scale form. 
ove results showed such consistently good agreement betwen the 
ods, that the suggestion arose that the performance of the Os 
ne method might be influencing systematically their performance 
other method. Such spurious interdependence of results seemed 
for several reasons: (1) Since the observations by the two methods 
y or more apart, there would be difficulty in recalling the per- 
ace by the first method used. (2) The fact that all three series by a 
ethod were run in the same session, would make doubly difficult 


» Guilford, The method of paired comparisons as a psychometric methode 
ta 35, 1928, 494-506; Some empirical tests of the method of paired com- 
en. Psychol., 5, 1931, 64-77. i 
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possibility of interdependence because of the same Os using both met] 
Therefore, an entirely different group of 12 Os was asked to repeat 
observations with the method of single stimuli and two replications; 
dentally, E also was different. When these results were correlated 
those from the method of paired comparisons by the original 12 Os, 
Coefficients shown in Table II were obtained, Despite the expected l0 
due to the differences in Os, the Pearson correlations generally remai 
above 0.80, In Series C, where the highest correlations might be exp 

the coefficients were above 0.97. Still higher correlations would re 
the correction for attenuation were made, These results confirm the ¥ 


TABLE II 


CORRELATIONS BETWEEN THE METHOD oF Stove STIMULI AND THE METHOD OF 
Painep Comparisons with DIFFERENT Os PGR Each Merxop 


Replications by method of single stimuli 


Series 
1st and Both 
A 831 771 806 - 
B +798 -875 -844 
c -990 -975 -986 


that the high correlations in the original comparisons in Table I are not 
artifact of memory. 


Part II 


This part of the study was quite similar to the first except that the ju 
ments were of projected color transparencies rather than prints, and the 
worked in groups rather than individually. There was some reason to ant 
pate lower cotrelations with the transparencies because of the general red 
tion of reference colors in the darkened projection-room. 
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ous projection. The instructions given the Os were like those in Part I; but every O 
recorded his own judgments by making check marks under appropriate headings on 
a record sheet attached to a clipboard. 

In Part I it had been found that five replications by the method of single stimuli 
gave almost the same result as two replications; therefore only two replications were 
used in Part II. Every O served in four sessions, one session for the method of 


TABLE III 


(CORRELATIONS BETWEEN THE METHOD OF SINGLE STIMULI AND THE MeTHOD 
or Parrep COMPARISONS 


Replications by method of single stimuli 
Series 
Ist 2nd Both 
A +940 -904 +950 
B -927 -935 -934 
c » 948 +936 +948 


single stimuli and three sessions for the method of paired comparisons. Half of the 
Os worked with one method first and the other half with the other method first. 


Results. As in Part I, the Pearson correlations were computed between 
the observed preferences for all prints in all series by both methods of 
judgment, Since there were available two replications or trials by the 
method of single stimuli, the computations could be carried out for the 
first trial alone, the second trial alone, and both trials together. These cor- 
relations, ‘unadjusted for attenuation, are presented in Table III; and repre- 


TABLE IV 


CORRELATIONS BETWEEN THE METHOD OF SINGLE STIMULI AND THE METHOD OF 
Parrep Comparisons wITH DirrerenT Os ror Each Mernop 


Replications by method of single stimuli 


Series, 
1st and Both 
A .869 «909 «914 
B 
«777 «788 -736 9 
c -929 “Bos -924 


Sent the results secured with one and the same group of Os using both 
Methods of judging. ‘ 
When judgments by the method of single stimuli were secured by an 
“ioe different group of Os and these frequencies were correlated with 
* paired comparison frequencies of the original group, the results were 
as shown in Table IV. 
ese correlations are of much the same order as those in Part I. The 
Correlations do run somewhat lower in Part II; but there would seem nó 
More chance of a difference of this degree being due to the change from 
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color prints to projected transparencies than to the shift from individual 
to group judging. 

Evidently there is substantial agreement among the present results with 
the color prints and transparencies and the experimental results cited from 
the literature. All of these studies have been concerned with preferential 
judgments of the experimental-esthetic type. These facts, in conjunction 
with the apparent similarities in the methods themselves, suggest that the 
high correlation between the methods may be rather general for judgments 
of this type. a 

Of course, this does not mean that the method of single stimuli can b 
recommended unreservedly for all phases of subjective, qualitative deter: 
minations, Indeed, there may be numerous situations where neither method 
is applicable. Thus, if there are more than a fow items to be compared; 
the method of single stimuli would seem to be indicated ; but, on the other 
hand, if the differences between items are too small to be perceived in the 
absence of juxtaposition, the method of paired comparisons may seem 
necessary. Close comparisons of sharpness or graininess, for instance, 
might require the latter method. 


SUMMARY 


(1) A group of 12 Os made preferential judgments of three separate 
series of color prints, both by the method of single stimuli and the method 
of paired comparisons. In all three series the original uncorrected product 
moment correlations of the results by the two methods exceeded 0.95. Even 
when the two different methods were used by two different groups of 12 
Os, the cortelations ranged from 0.77 to 0.99. Therefore, in situations, like: 
the judging of color prints, where either method is applicable, much the 
same results may be expected from the method of single stimuli as from 
the method of paired comparisons. 

(2) A different group of 12 Os made preferential judgments of three 
Separate series of projected color transparencies, using the same two 
methods. In all three series the correlations were 0.90 or more; and whet 
the two methods were used by different groups of Os the correlations 
ranged from 0.78 to 6.93. Therefore, in situations like the judging of 
projected transparencies, where either method of judging is applicable, 
much the same results may be expected. 

(3) The correlation between the methods proved to be as high when 

‘only one-fifth as much data was taken by the method of single stimuli, 
viz. a single trial, as when the same amount of data was taken by both. 
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methods. The relatively easy method of single stimuli appears to be the 
more efficient method. 


(4) Independent experiments of three other investigators with other - 


materials showed the same close agreement between the methods. The data 
as a whole, in conjunction with apparent similarities in the methods them- 
selves, suggest that the agreement may be fairly general for preferential 
judgments of this type. 

(5) There are situations, of course, in which only one, if either, 
method is applicable. Thus when there are only a few items which are so 
similar that they must be juxtaposed to detect differences, the method of 
paired comparisons still seems indicated. Whether there are few or many 
items which do not require juxtaposition, the method of single stimuli 
seems preterable. 5 


THE LOWER THRESHOLD OF VISIBLE MOVEMENT 
AS A FUNCTION OF EXPOSURE-TIME 


By RoBERT H. BROWN and JACK E. CONKLIN, 
Naval Research Laboratory, Washington, D.C. 


The problem of this experiment is to determine how the lower threshold 
of movement varies with exposure-time, At very slow rates movement cin 
only be inferred upon the basis of observed changes in position after inter- 
vals of time; as for example the hour hand of,a clock. As the speed of 
movement increases, threshold is reached above which a continuous change 
of position in space can be observed, With further increases in speed, the 
discrimination of movement again fails at an upper threshold. 

Careful control and analysis of the effects of interacting variables ate 
essential in determining the lower thresholds.* In addition to exposure- 

» time, the important variables are the distance the stimulus-object moves, 
its retinal position, the intensity of illumination, distance of observation, 
form and size of the stimulus-object, structure and dimensions of the field, 
conditions of fixation, and state of light or datk adaptation. Of these 


factors, the field is an especially important variable as it may interact with 
the exposure-time. 


In measuring the lower threshold, various investigators have attempted, by restrict 
ing the field, to eliminate inferences of movement, Aubert, in the first experiments 
on the lower threshold, determined the effect of surrounding objects. AWhen S$ fixated 
a moving line on a rotating drum and had a full view of stationary parts of the 
apparatus, the threshold was of the order of 1' to 2’ of visual angle per second. When 
the apparatus was so concealed that S could see only the drum, a tenfold increase 
in the threshold resulted, Similar increases were obtained when the field was 
limited to a small point in a circle? When, however, Aubert eliminated the station- 


Accepted for publication Jam 28, 1953. The opinions or assertions COD. 
tained in this paper are those of MES They are Ar to be construed as official 
or reflecting the views of the Na: Department or the Naval Service at large: 4 

J. F. Brown, The thresholds for visual movement, Psychol. Forsch, 1931, 2 
249-268; J. L. Kennedy, The nature and Physiological basis of visual move’) 
discrimination in animals, Psychol, Rev., 43, 1936, 494-521; C. H. Graham, Visus 
Desspuon, in S. S. Stevens (ed.) Handbook of Experimental Psychology, 195 


x ee Aubert, Die Bewegungsempfindung, Arch. f. d. ges. Physiol., 39, 1886, 


*Klara Grim, Uber die t der Wahrnehmung und Ausführung vo" 
Augenbewegungen, Zsch. f. Sinnesp, ysiol., 45, 1910, 9-26. 
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ary basis entirely by presenting a point of light in a dark room, the threshold 


became highly variable. Frequent reports of illusory movement— Charpentier's illu- 
sion—were reported. 

The only systematic determinations of the lower threshold of movement for 
different stimulus-durations have been made by Dimmick and Karl“ In their experi- 
ment, a moving white dot was presented in front of a uniform, black screen. S 


reported the direction of the dot’s movement when the screen and dot were illumi- 
“nated for varying intervals of time. Under these conditions, the threshold decreased 
very rapidly at first and then more slowly as the exposure-time was increased from 


0.5 to 4 sec. For exposure-times of 0.5 and 1 sec., the distance traversed by the 
spot at a threshold-rate is constant and of the order of 1’ of arc at S's eye. For longer 


exposures, an increasingly greater distance is required for the discrimination of 
- movement. 


The present study represents a further attempt to determine the influence 


of exposure-time uppon the lower threshold. Conditions were obtained that 


exclude inferences of movement based upon visual comparisons of position. 


"The essential features of our method are (1) provision for initial fixation 
of a moving spot, (2) presentation of the small-spot of light in the dark, 
and (3) determination of the lowest rate at which the direction of the 


movement can be discriminated. The lower threshold was measured under 


“these conditions for six stimulus-durations. 


Method. Observations were made in a dark room. Before every trial $ regarded 
the fixation-point on an illuminated screen which was directly in front of him. Dur- 


- ing a trial he observed a spot of light projected on the screen. His head was im- 


mobilized by means of a biting board. He communicated telephonically with E who 
Was in an adjoining room with the equipment for controlling the rate, duration, 
and direction of spots movement, When S perceived movement, he reported its 
direction by pressing one of two switches, held in his hands, which turned on small 
lights in E's room, His reports were recorded as ‘right’ or ‘wrong’ and his lower 
threshold was®computed by the method of constant stimuli. 

Abparatus, As the apparatus used in this study has been separately described,” 
d description here will suffice, A white cardboard screen, (30 x 36 in.), on 
at in the moving spot was projected, had a green fixation-point (34 in. in diameter) 
* à center, The screen was illuminated from the top by shield lamps. Its brightness 

the fixation-point, as measured by a Macbeth Illuminometer, was 0.021 ml. æ 
3594 moving spot, a green circular area of the exact size of the fixation-point, 

Projected onto the screen from an oscilloscope. Its brightness was 0.026 ml.; 
approximately the same as that of the screen. The oscilloscope, placed above and 
yee eo adjusted that the spot of light, when turned on, would fall upon 

tion-point. A relay, activated by a timing device, extinguished the lamps 


4 AEN 
r "s Dimmick and J. C. Karl, The effect of the exposure time upon the R. L. 
jc eon. Exper: Psychol., 13, 1930, 365-369. ASA 
threshold Conklin, A. Baldwin, and R. H. Brown, Apparatus for measuring the 
66, 1953 s 2 visual discrimination of direction of movement, this JOURNAL. 
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illuminating the field at the same time that the moving spot was projected upon the 
screen; thus the screen and the fixation-point disappeared with the appearance of 
the stimulus-spot. 

The direction and rate of movement of the stimulus-spot were controlled by the 
polarity of the oscilloscope and the changes of voltage across its horizontal deflection 
plates, respectively. The rates of movement in minutes of visual angle per second 
varied by steps of 3.22’ between 1.61’ and 27.37’. They were 1.61’, 4.83’, 8.05’, 
11:27’, 14.49’, 17.71’, 20.93’, 24.15’, and 27.37’. 

The exposure-times, regulated by a Bodine synchronous motor and various cams, 
were 0.51, 0.98, 1.97, 3.99, 8.01, and 16.00 sec. 

S's observations were made monocularly at a distance of 72 in. from the screen. 

Subjects. The Ss, enlisted men from the U. S. Navy assigned to serve in the study, 
were four in number, Though naive psychologically and inexperienced in making 
psychophysical judgments, they were highly cóoperative and interested in their work 
throughout the course of the investigation, 

Procedure. $ sat in the dark for 3 min, while E read the instructions to him over 
the intercommunicating telephone.’ The screen was then illuminated for 6 sec, 
during which S focused upon the fixation-point. Then the stimulus-object, the moving 
spot, appeared at the fixation-point as the lights illuminating the screen were simul- 
taneously turned off. After the exposure, during which the stimulus-object was moved, 
S reported the direction of the movement. The screen was then illuminated for 19 
sec, after which the stimulus-object was again presented at the same exposure-time 
but at a different rate of movement. This procedure was repeated for the nine 
different rates of movement at every one of the six exposure-times. 

During the first half of an experimental session, there were six series of presenta- 
tions in which the stimulus-object moved at every one of the nine rates, 5 then 
tested for as long a period as he desired and the trials were resumed. The second 
half was a repetition of the first except that the random order determined for the 
first half was reversed, 

The rates and durations of movement in the trials were determined before a ses- 
sion on the basis of a table of random numbers. The direction of the movement, 
which was horizontal, was selected by chance, subject to the followis restrictions: 
(1) an equal number of left and right movements should occur in each half of the 
experimental session; and (2) no more than three consecutive movements should 
be made in the same direction. 

Since the Ss reported vertical components in the movements, which were illusory 
(autokinetic) as none was objective, it was deemed desirable to determine whether 
there was an illusory component in the horizontal plane. Accordingly, at the close 
of the main experiments, the Ss were informed that they would be given a series 
of trials in which the spot poved at very very slow rates. They were instructed to do 
the best they could in determining the direction of its movement. A stationary spot 
was then Presented 48 times at each of the stimulus-durations used in the main 
experiments, 

Comments by the Ss regarding the objective or illusory nature of the movements 
they observed and the bases they used in judging direction were noted throughout 


For the instructions, see Conklin, Baldwin, and Brown, op. cit., 293. 
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the experiment. In addition, at the end of the experiment, the Ss were asked to indi- 
cate their confidence, or lack of it, in their judgments, to describe movements in any 
direction other than the horizontal, and to comment upon the reality of the non- 
horizontal movements. 


Results. The experiment yielded 48 judgments from every $ regarding 
the movement of the stimulus-spot at every one of the nine rates of move- 
ment and six exposure-times employed. These judgments were grouped ac-, 
cordingly as they were ‘right’ or ‘wrong’ and the percentages ‘right’ were 
computed. for every rate of movement and every exposure-time. 

_ The proportion of correct judgments increases with rate of movement 
- from 1.61’ to 27.37’ of visual angle per second. These data were corrected 


TABLE I 
RL or Movement IN Minutes OF VISUAL ANGLE PER SzconD 
Exposure-Time (in sec.) 


0.51 0.98 1.97 3.99 8.01 16.00 
A 14.22 12.32 11.91 11.42 12.12 12.53 
B 22.45 16.15 12.92 9.23 6.55 6.78 
[o 16.22 13.01 12.38 12.38 9.57 gn 
D 17.87 14.43 11.50 10.35 8.62 6.770 
Ay. 17.68 13.98 12.18 10.85 9.17 8.93 


for guessing and examined for normalcy. Since it may be safely assumed 
that S’s guesses would be right as frequently as wrong, We corrected the 
Fesults for guessing by subtracting the proportion ‘wrong’ from the pro- 
portion ‘right.’ When these proportions were plotted against rate of move- 
ment for the various exposure-times, a family of ogive curves resulted, A 
plot of the average of 10 distributions with comparable medians and ranges, 
made on probability and log probability paper, indicates an approximately 
normal distribution with reference to rate but not with reference to the 
logatithm of the rate. The lower threshold of visible movement may 
therefore be regarded as the arithmetic mean of the corrected frequency “ 
distribution. 
prom the proportion of correct judgments for every exposure-time, 
tésholds were computed by Spearman's mean method. Table I gives the 
thresholds obtained for the individual Ss and the average of them all. It 


€ 


T " 
lower, finding, which indicates that the phi-gamma hypothesis applies to the 
earlier Bk threshold rather than the phi-log-gamma hypothesis, agrees with an 
à esate by Dimmick and Karl, op. cit., 367. 3 i 
R. S. Woods ic means of the distributions were computed with the formula given by 
worth, Experimental Psychology, 1938, 400-403. 
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shows considerable variability among the Ss as well as scatter for each $, 
This variability necessitated a statistical analysis of the results, Since the 
experimental procedure was appropriately randomized and replicated, an 
analysis of variance was made to determine the reliability of differences in 
the thresholds attributable to exposure-time and to S. 


TABLE II 
"ANALYSIS OF VARIANCE FOR THE RATE-THRESHOLDS 
Source of variation df Mean square F-ratio 
Exposure-times 5 43.95 TAS 
Ss 3 0.86 0.14 
Error 15 5.98 : 
* Significant at 1-% level. 


Table II presents the results of this analysis. It shows that the Ss con- 
stitute a homogeneous group and contribute little to the variation in the 
thresholds, and that the exposure-times provide a very significant source 


(MINUTES OF VISUAL 
ANGLE PER SECOND) 


4 8 12 
EXPOSURE-TIME (SEC) 


- Fic. 1. THE RL oF VISUAL MOVEMENT As A FUNCTION or EXPOSURE-TIME 


of variation. Individual" t-tests, based on only three degrees of freedom; 


show a significant difference at the 5-% level of confidence between the 


thresholds for 0.51 and 0.99 sec., but not between any two of the adjacent 


thresholds for the other exposure-times, 
” Fig. 1 presents the average of four Ss’ thresholds for rate of movement. 
The curve indicates in general that the lower threshold for visual move 


> 
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ment decreases with an increase in exposure-time. The rate of decrease is 
rapid for shorter exposures, and the curve appears to approach an asymp- 
tote of a rate equal to about 9” of visual angle per sec. for exposure-times 
greater than 16 sec. 

The Ss’ reports of movement for a stationary spot are given in Table 
III. The observed number of movements to the right, which are entered in 
the table, may be compared with the 24 responses expected in terms of 
tandom horizontal motion. A chi-square test for all Ss combined shows no 
systematic bias from chance. Individual chi-square tests indicate one 5 
(B) had a tendency to report more movements to the right than to the 
left, We may conclude from these data that autokinetic movement was 


è TABLE III 
NuwszR OF JUDGMENTS OP MOVEMENT TO RIGHT ror THE STATIONARY SPOT 
ExposureTime in Seconds 
S Chi Square 
0.51 0.98 1.97 3-99 8.01 16.00 
A 17 23 21 20 21 24 7.02 
B 27 36 24 32 23 22 18.52* 
C 26 29 22 27 24 24 3.52 * 
D a8 27 27 19 23 21 5.78 
Total 9$ ^n 94 98 91 91 7.76 


* Significant with five degrees of freedom at 1-76 level. 


random under our conditions and that it did not introduce a systematic 
ettor in our results. 
* Tn their comments during the experiments, the Ss emphasized the objec- 
tive nature of the movement they observed. This movement included not 
only the horizontal component under E's control but also an illusory verti- 
cal component. Their reports at the end of the experiment indicated that 
they were confident of 90% of their judgments, that the spot seemed to * 
Move on most trials at an angle to the horizontal plane but with a trend « 
tight or left, that the vertical movement was controlled by E, and that it 
Was not illusory. In general, the comments of the Ss suggested that they 
based their judgments upon an observed continuous change in position. 
Discussion, The results may be summarized as follows. (1) The lowest 
tate of movement required for the judgment of visual movement decreases 
ie exposure-time increases. (2) Autokinetic movement was random in 
tection under the conditions of this experiment. T 
The first observation agrees with the relationship found by Dimmick 
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and Karl for a white dot moving in front of an illuminated screen.” Re. 
striction of the field of view in the present experiment to a moving spot in 
the dark serves to raise the threshold. Moreover, the extent to which elimi- 
nation of a background raises the threshold is dependent upon the exposure- 
time, At a 0.5-sec. exposure the threshold for the movement of a spot in the | 
dark is approximately seven times greater than the threshold measured by 
Dimmick and Karl with a visible background. The threshold is approxi- 
mately 15 times greater at a 4-sec. exposure which permits the S to utilize 
visual cues indicating a change in the position. 

That the autokinetic movements were not constant in any one direction 
may be due to our experimental conditions: to the fact that the stimulus- 
object was moved equally often to the right and to the left, and that similar 
instructions and reinforcements for judgments of movement in both direc- 
tions were given the Ss, Autokinetic movements prevailing in one direction 
would doubtlessly increase the threshold for movement; they certainly 
would, as Aubert pointed out, render judgments of movement difficult 
when a spot of light is used in darkness, i 

Conclusions. The results of this study indicate (1) that the threshold 

* of visible movement decreases (becomes better, more acute) as the expo- 
sure-time is increased; (2) that the decrease, large at first as the short ex- 
posure-times are lengthened by equal steps, becomes progressively less as 
the exposure-times become longer; and (3) that autokinetic phenomena did 


not under the conditions of this study affect either the observations or the 
reports of our Ss. 


* Dimmick and Karl, op. cit., 368. 
? Aubert, op. cit, 347-370. 
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i CERTAIN TEMPORAL CHARACTERISTICS OF THE RECALL 


OF VERBAL ASSOCIATES 


By W. A. BousrizLD, C. H. W. SEDGEWICK, and B. H. COHEN, 
University of Connecticut 


This paper deals with an interpretation of certain temporal characteris- 
tics of recall following varying amounts of reinforcement of the learning 
of a list of words. The method employed is based on the supposition that 


if a rational equation can describe adequately the relationship between an 


independent and a dependent variable, we can assume support for the as- 
sumptions incorporated in the equation. This type of procedure is circular 
in the sense that the data furnish cues for the choice of assumptions, which 


are in turn tested by seeing how well their mathematical expression fits 
the data. 


From a theoretical point of view, our technique of analysis is closely related to 
an earlier study by Bousfield and Sedgewick who used the simple procedure of 
asking subjects to list items in a specified category, ¢.8- animals, names, or U.S. 
ties" Plots of the cumulative totals of these items as a function of time spent in 
their Production were described adequately by the following modified exponential 
equation: 


n=e(1—e™') 


In this equation, n = the total number of items produced within time #; c =â 
constant, the asymptote approached by the function, and defined rationally as the total 
Supply of items available for recall; m = a constant, the slope factor, The rate of 
depletion of the supply of items is given by the differential equation: 


dn/dt =m (c—n) 


Ong see from this equation that the rate at which items are produced is equal 

( e constant m times the number of the remaining items available for recall, 

Sa Johnson, Johnson, and Mark have confirmed and extended this analysis." 

d ed indebted to them for calling attention to the fact that the rate refers to 
pletion rather than to the emission of the supply of items. 


s 


* Accepted for or. Be A 
publication Janu: 4, 1953. This is Technical Report No. 3 
Meat, contract Nonr-631 (00) between ihe Office of Naval Research and the Uni- 

tsity of Connecticut. 
CMS Bousfield and C. H. W. Sedgewick, An analysis of sequences of restricted 
tive responses, J. Gen. Psychol., 30, 1944, 149-165. ane 
verbal flue Johnson, R. C. Johnson, and A. L. Mark, A mathematical analysis of 
luency, J. Gen. Psychol., 44, 1951, 121-128. À 
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The specific purpose of this study is to apply a similar analysis to a 
situation in which groups of 5s, given varying numbers of presentations of 
a list of stimulus-words, were then asked to recall as many as they could, 
We were specially concerned with the testing of the conclusion, reached 
in the earlier study, that the rate of production of items at any time is a 
function of the number of remaining items available for recall. 

The data used in the present analysis were obtained from an earlier study 
designed for the purpose of investigating the occurrence of sequences of 
related words during recall? We have employed these data because they 
yielded a family of empirical curves of recall whose experimentally variable 
parameter was the number of repetitions of the list of stimulus-word dur- 
ing the learning period. It was our supposition that if a rational equation 
could describe such a family of recall curves, we would expect that the 
variations in the constants of the equation should relate meaningfully to 
the parameter of the degree of reinforcement occurring in the learning 
period, 

METHOD 


(1) Subjects. The Ss were five groups of undergraduate students enrolled in the 

^ laboratory sections of an introductory course in psychology. The sizes of these 

groups were as follows: Group I had 49 5s; Group II, 52; Group III, 46; Group IV, 
49; and Group V, 47. 

(2) Stimulus-materials and apparatus. The list of stimulus-words comprised 60 
nouns, 15 in each of the following four categories; namely, animals, names, profes- 
sions, and vegetables. The words in each category were matched with respect to sylla- 
bles and their Thorndike-Lorge frequency-of-usage counts, Five separate randomizz- 


Slides were prepared for each of the five randomizations of these words. TO 
expose them on a screen, we used a Projector with a mask which could be moved 
from Word to word by E, and in time with the flash of a small light occurring at 
3-sec. intervals. The light Was mounted on the projector but was not visible to the 
Ss. In this way the words were exposed singly and for intervals of 3 sec. Mimeo- 
graphed sheets, 815 X 11 in. in Size, were prepared for use by the Ss in writing 


The effects of reinforcement on the occurrence of 


ly arranged associates, Technical Report No. 1 
any o CON cu (00) cen the Office of Naval Research and the Usi- 
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the words they were able to recall. These sheets were divided by vertical lines into 
- five columns which were numbered in order from one to five, 
(3) Procedure. The general procedure was to give the Ss varying numbers of 
- presentations of the stimulus-words during a single learning period. Group I re- 
ceived a single presentation of the words; Group II, two presentations; Group III, 
"three presentations; Group IV, four presentations; and Group V, five presentations. 
Duplication of a serial order was avoided in all cases of multiple presentations of 
‘the words by having prepared the five separate randomizations of the words. 
[n conducting the experiment, E distributed the mimeographed sheets to the 5s and 
informed them that a series of words would be projected on the screen, after the 
exposure of which, they were to write as many of the words as they could recall. 


TABLE I 
Means AND SD or Torats or Wons Racattep As A Function or Tie SPENT IN 
Recai ror Five Levers or REINFORCEMENT 
mus Time (in min.) after starting signal 
- foc Ss 2 4 6 8 10 


M SD M SD M SD M SD M SD 


49 16.18 3.65 19.43 4.33 21.88 5.35 22.96 6.06 23.96 6.69 
51 18.19 4.32 23.48 5.06 26.12 5.49 27-83 5-97 29-12 6.50 

20.72 4.81 26.54 6.04 28.85 6.21 30.3 6.13 31-70 6.23 
49 231.41 4.42 27.84 6.51 31.04 6.85 33.18 7.00 35.1» 7.00 
4] 22.21 5.16 30.55 6.76 34.26 6.50 36.26 6.90 37.87 731 


wee 
ES 
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He explained further that in recall they were to start by writing the words in the 
fitst column of the data sheets. At periodic intervals they would be asked to shift 
to the next consecutive column and continue with more words. E then exposed the 
cup For all multiple projections of the words, a rest-period of 30 sec. was al- 
lowed between successive presentations of the list. The signal to start writing words 
was Biven 3 sec. after the exposure of the final word, The signals to shift to 
RM columns and continue with more words were given at 2-min. intervals 
roughout the 10-min. period allowed for recall. 


RESULTS AND DISCUSSION 


in € first step in the preparation of the data was to compute the cumu- 
m € totals of words recalled for each of the consecutive 2-min. periods. 
de I done for every S. We then computed the means and standard 
E ^ of the cumulative totals of words recalled for every one of the 
an ups of Ss, Ze. for cach of the five levels of reinforcement. These 
i E in Table I. The means from Table I are shown by the dots in 
no? . The curves were derived from our rational equation which we 
ead explain. Inspection of these data reveals the expected in- _ 
fons ^ the number of items recalled as a function of the degree of rein- 
ment. This relationship persists throughout the period of recall. 
e . 
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We now consider the derivation of our rational equation. To begin with, 
the five plots of the means of the cumulative totals of our data were suf- 
ficiently similar to justify the assumption of a family of curves describable 
in terms of a single equation whose constants should vary systematically 
with the degree of reinforcement. To generate such an equation it was 
necessary to start with a group of reasonable assumptions. It was reasonable | 


to assume that the supply of associates for the Ss was limited. Every curve | 


MEAN NUMBER WORDS RECALLED 


4 
TIME IN MINUTES 


Fi. 1. CURVES oF RECALL FOR VARYING DEGREES OF REINFORCEMENT 
The curves are numbered according to the number of presentations of the stimulus 
list during learning. The dots represent the empirical means given in Table I. 


would therefore approach a horizontal asymptote, which in turn would be 
represented by a constant in the equation. On the basis of the work of 
Bousfield and Sedgewick it was also reasonable to assume that the rate of 
approach to the asymptote at any time should be a function of the total 
number of items available for recall. We therefore undertook to fit ou! 
data to the modified exponential equation proposed by Bousfield and Sedge 
wick. It became obvious, however, that our data could not adequately. 
described by this equation. The next step was to explore the possibility of 

ethe derivation of other equations whch would preserve our basic assump” 
tions and at the same time fit our data. 


3 Bousfield'and Sedgewick, op. cit., 149-165. 
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In this undertaking, we started with the Bousfield-Sedgewick differential equation 
- described above. The characteristics of our data suggested that dn/dt might be 
proportional to the square of (c — n), £e. to (c — n)? The solution of this dif- 
ferential equation, satisfying the conditions that y = 0 when time (+) also equals 
— 0, gives the hyperbola: 
n= čmt/1 + emt 


This equation provides a family of theoretical curves which fit our data well as 
"shown by the curves in Fig. 1. We obtained the constants c and m for these curves 
by a method of averages. They are given in Table II. Inspection of these data reveals 
an increase in constant c as a function of reinforcement, This is to be expected since 
degree of reinforcement should be positively related to the supply of words available 
for recall. We observe, further, a tendency for the slope factor m to decrease as a 
function of reinforcement in spite of an inversion appearing at the level of three 


5 TABLE II 


Ewpraicatty Derven Constants AND Hate-Lives Fon RATIONAL EQUATION FITTED TO 
Dara ror Eacu or Five Levgts or REINFORCEMENT 


Reinforcements c m ty; (in min.) 
I 27.54 .0235 1.55 
a 34.12 -0164 1.79 
3 36.05 .O1gt 1.45 
4 41.34 .OI27 1.91 
5 45.45 .o1o8 2.03 


reinforcements, This means that with increasing reinforcement the rate of depletion 
of the supply of words tends to become a smaller fraction of (c— n); ie. a smaller 
fraction. of the square of the number of remaining items available for recall. To 
explain this phenomenon we are inclined to favor the supposition offered by Johnson, 
pn and Mark which was that the constant m may be negatively related to some 
ad interference effect taking place during recall.’ The larger the m the less the 
tj (sup W do not like the connotations of the term ‘interference,’ but prefer 
Other h rather than complicate our discussion by the introduction of a new term. 
Tina Eus being equal, the larger the supply of items the greater the interference. 
iet € noted that Johnson, Johnson, and Mark supported the assumption of 
aui Bs on the basis of a significant negative correlation between the constants 
i fossi n the course of our analysis the question arose as to whether it might not 
PAR le to derive a meaningful index based on a relationship between the constants 
lins i the rate of depletion of the supply of items is a function of both these 
terms the Y concept of the half-life appeared to meet these specifications, In our 
zu UM -life would be the time when half of the supply of available items had 
the f luced. As derived from our rational equation, the half-life (44) is given by 
ollowing equation: 
ty = l/em. 

s os i5 of /s, in minutes, for each of our five levels of reinforcement are © 

in Table II. The trend is toward a progressive increase, though we again 
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whether the concept of the half-life may be regarded as a psychologically meaningful 
measure? We would propose tentatively that the half-life may be regarded as a special 
index of efficiency of recall. In our terms, the shorter the half-life the greater the 
efficiency of recall. The formula for the half-life shows that if the supply of items 
(c). were held constant, the greater the m, i.e. the less the interference effect, the 
greater the efficiency. Conversely if the interference effect were held constant, the 
gteater the supply of items (c) the greater the efficiency. How are we to explain the 
apparent contradiction that with increasing reinforcement the Ss produced items 
more rapidly but less efficiently? The answer is that we have not defined efficiency 
of recall here in terms of the simple rate of production of items. To estimate efficiency 
of recall, as we have defined it, we should know what the supply of items available 


encounter an inversion at the level of three reinforcements. The question. now arises, | 
for production is and we should also know how much interference is taking place 
during their production. 

We shall consider the question of possible reasons to account for the difference 
between the equation we have proposed for the data of this study and the one used 
in the earlier studies of Bousfield and Sedgewick, and Johnson, Johnson, and Mark! 
More specifically, we should account for the difference between the two differential 
equations proposed. 

As already indicated, both of these equations state that the rate of production of 
items is a function of the remaining available supply of items (c — n). The fact thit 
in the case of the present experiment the supply (c — n) is squared may be taken 
to mean that the potency of this supply to determine rate is greater than in the 
previous experiment where the supply (c — n) was not squared, Furthermore this 
potency, when (¢— n) is squared, is much greater when time (/) is small than 
when it is large, Parenthetically it may be noted that (c — n)’ in our differential 
equation should be regarded for the time being as an approximation, On theori 
grounds there is reason to expect that the power to which (c —7) should be raised 
may well turn out to depend both on the initial habit strengths of the words in 
the stimulus-list and on the degree of their experimental reinforcement. 

Let us consider the difference between the production curves for the two typ% 
of experimental situations. In the earlier studies, where the Ss were asked to list 
items in a single specified general category, and without reinforcement of the items 
during the experimental situation, the production curves showed a relatively slow 
„initial rise, In the present study where we obtained recall following experimentally 
induced reinforcement of a list of items, the rise in the production curves WM 
initially relatively rapid as shown by the curves in Fig. 1. There is some justification 
for regarding the reciprocals of the latent periods of the items as indices of their 
habit strengths. Suppose now that we apply this assumption to our production curves 
of items, The latent periods of the items would be the times for their occurrence 
measured from the start of the period of recall. For our purposes, we may obtain the 
latent period, measured on the horizontal axis from the origin of a curve, for ei 
decile of items, In this way we would obtain a table of progressively incre 
latent periods for equal fractions of the total number of words recalled. The recipto- 
» cals of these latent periods would show a progression of decreasing habit stre 
for the production curve we are considering. 


> * Bousfield and Sedgewick, op. cir, 149; Johnson, Johnson, and Mark, op. &^ | 
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— Jet us see what this analysis would show for two production curves, A and B. 
To make our illustration as simple as possible, we shall suppose that both curves 
ach the same horizontal asymptote. Curve A would represent data from the 
t study. It is marked by the fact that the rate of production of items which it 

is initially relatively rapid. Curve B represents data obtained from our earlier 


"he result would be that the progression of magnitudes -of hypothetical habit 
st s for Curve A would show a slower initial drop than would be the case 
for Curve B, This in turn means that the initial habit strengths for Curve A are 
greater than the corresponding strengths for Curve B. We are thus able to account 
for the initially more rapid production of items in Curve A than in Curve B. It would 
“also follow in this situation that the total amount of habit strength for Curve A, 
"would be greater than the total amount for Curve B. This relative potency on the 
‘pitt of the total strength of the supply. of items represented in Curve A is what 
lis in our finding it necessary to give (c — n) a power greater than one in the 
Atype of situation, which is also the situation existing in the present experiment. 
t have still not answered the question of the essential difference between the 
pes of situations which would account for the two types of production curves. It 
ij Our present supposition that the essential differences lies in the fact that whereas 
Ténforcement was given to the words during the present experiment, no such re- 
ement took place in the earlier studies where the Ss were simply asked to 
items in a specified category. We may also note that in general the items having 
low habit strength would be expected to gain more from experimentally induced 
forcement than would be the case for items having relatively high habit strength. 
30 far as this effect operates, the result would be a less steep gradient in the 
sultant distribution of habit strengths, which is what we have regarded as the 
sential reason for the type of production curve obtained in the present study. 


3 Our account has been highly speculative in character, and it is neces- 
Aatily restricted to the results of our experimental conditions, We believe 
Wt have demonstrated, however, that certain temporal characteristics of 
the recall of verbal associates area function of the reinforcement given these 
Associates in an experimentally controlled situation. The use of rational 
Squations to describe the production curves of verbal associates offers prom- 

d ising possibilities for the development of psychological theory. 


SUMMARY 


Lo study makes use of the data of an earlier experiment in which a 
"Bt of 60 stimulus-words was presented in a learning situation once to one 
- Blotp of Ss, twice to a second group, three times to a third group, four 

to a fourth group, and five times to a fifth group." Repetition of a 


' 
Bousfield and Colin, op. cit. ; 
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of the list. Immediately after learning, the Ss were allowed five successive 
two-minute intervals in which to write the words they were able to recall, 
The present study makes use of these data to determine the relationship be 
tween the cumulative totals of items produced and the time, up to ten 
minutes spent in recall, for each of the five degrees of reinforcement of the | 
learning of the words. On the basis of what appeared to be tenable as | 
sumptions a differential equation was constructed to indicate the rate of 
depletion of the supply words, and from it was derived a hyperbolic eque. 
tion to describe the functional relationship between the number of words 
produced and the time required for their production. These two equations | 
are represented below as a and b: 


SEUEN — nm) .......-.. cereal {a} 
m= Cmi{ (1 emt)... camel [b] 


The definitions of the terms of these equations are as follows: # = the 
total number of words produced in time /; c = the asymptote approached 
by the function, rationally defined as the total number of items available fot 
recall; m = a constant (the slope factor), rationally defined as an inverse 
index of interference effect. The half-life, (ty) for the production of 
words, interpreted here as an inverse index of efficiency of recall, is ob 
tained by substituting appropriate values in the following equation: 
ty = 1/cm. j 

Attention is given in the paper to the rationale of the interpretations 


and their relationship to earlier research on the production curves of verbal 
associates, 


i LATENT LEARNING IN HUMAN SUBJECTS 


By Leo POSTMAN and A. H. Tuma, University of California 


4 
1 
: In experiments on latent learning, which have focused on testing the reinforce- 
- ment hypothesis, insufficient attention has been given to the question of what it is 
that the unrewarded S does or does not learn. Experimental tests of latent learning 
seem to have been based on the assumption that whatever the organism learns 
under normal conditions of reward it may also be expected to learn in the 
absence of reinforcement, The validity of this assumption is doubtful, especially 
in the case of irrelevant-incentive experiments. It is quiet possible that in the 
absence of reward the $ learns some but not all of the things he does in the 
. presence of reward. In irrelevant-incentive experiments, for example, the $ may 
-learn that the irrelevant goal-object is present but may fail to acquire information 
about the path to the goal. In the critical test trials, such partial information would 
m be sufficient for a correct choice, Thus, conventional tests for latent learning 
- may not be sufficiently sensitive, and it may be for this reason that they often yield 
— ‘Negative results. 

For a full analysis of latent learning in irrelevant-incentive experiments, therefore, 
testing procedures at the end of training should be differentially sensitive to (1) S's 
knowledge of the presence of the previously irrelevant goal-object and (2) S's 

knowledge of the path leading to that object. In the present experiment, an experi- 
- mental analogue of latent learning in human Ss was used to explore the effectiveness 
of such differential tests. The specific hypothesis under study was that $ may learn 
— bout the presence of irrelevant incentives without learning their specific location. 


METHOD 


Learning. tasks» The S's task was to learn the correct pathway through a mental 
wi Establishment of selective sets provided the analogue to the manipulation of 
ive, Stimuli conforming to S’s set served as relevant ‘incentives,’ stimuli falling 
Outside the set as irrelevant ‘incentives.’ 
ma m maze consisted of a series of 12 multiple-choice items. Each item 
NE of four stimulus-words, typed side by side in solid capital letters. The 
E. were numbered 1 through 4, with the numbers appearing above the words. 
| 12 multiple-choice items were arranged serially on a long strip of white card- 
p Additional strips of white cardboard were used to cover all parts of the 
| Except those to which the $ was responding at any given moment. 


Pe 
per hccePted for publication December 12, 1952. The writers are indebted to 


Suggestions C. Tolman for his critical reading of the manuscript and for helpful 


ed ^ analysis of different types of latent learning experiment, see D. Thistle- 


48, 1931, S review of latent learning and related expetiments, Psychol. Bull., 


stlethwaite, op, cit., 107-120. > 5 
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The path through the maze was marked by words belonging to a specific meaning 
class, one member of this class appearing in each multiple-choice item, Two such 
paths were used in the course of the experiment, one marked by the names of fruit, 
the other by names of articles of clothing. The Position of the correct word varied 
from item to item, The words, fruit and dress, respectively, marked the correct 
choices in the terminal positions. 

Training procedure. There Were two experimental groups—the Transfer Group 
and the Recall Group—and a Control Group. z 

The first task of all Ss was to learn a Pathway through the maze to a criterion 


per second. If his choice was incorrect, $ made another choice. The second choice 


Two independent indices of latent learning were thus obtained. The performance 
of the Recall Group provided an estimate of the amount of incidental memory for 
irrelevant-incentive stimuli regardless of Specific location, The comparison of the 
‘Transfer Group and the Control Group represents a Conventional test for latent 
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me depending on the experimental Ss’ incidental memory for the specific 
ion 


c of the irrelevant-incentive stimuli. The critical question is whether these 
two independent measures lead to different conclusions concerning the amount and 
significance of latent learning. 

Subjects. The Ss were undergraduate students at the University of California. 


‘They did not know the purpose of the experiment and were assigned to the different 


conditions at random. There were 12 Ss in each of the three groups. 


RESULTS 


^ Original learning. Table I shows, for all groups, the average number of trials 
required to reach criterion and the average number of errors made in learning the first 
pathway. The three groups differed in speed of original learning, although analysis 
of variance of the two sets of scores failed to yield significant differences. For 
errors, the F-ratio was 2.90 (df =2 and 32, P > 0.05) ; for trials, 3.21 (df —2 


B 


Eni “TABLE I 


Averace NuMBER or TRIALS TO CRITERION AND Averace NUMBER OF ERRORS IN 
LEARNING ALTERNATIVE PATHwAYS THRoucH Mentat Maze 


First Pathway 7 Second Pathway 


Group Trials Errors Trials Errors 
Mean SD Mean SD Mean SD Mean SD 


Control 9.00 2.24 30.25 9.73 8.00 3.96 21.00 12.69 
Transfer 10.17 3.40 29.42 8.86 9.08 3.91 21.83 — 8.48 
Recall 12.05 3.34 38.08 9.22 


and 32, P> 0.05). Variations in speed of original learning were, nevertheless, 
taken into account in the analysis of the test-performances of the different groups, 
Transfer test. A first measure of latent learning is provided by the difference 
between the Control Group and the Transfer Group in acquiring mastery of the 
second pathway through the maze. A significant difference in favor of the Transfer 
Group would cOnstitute evidence for latent learning. As Table I shows, however, 
there is no evidence whatsoever for superior performance by the Transfer Group 
as measured by number of trials to criterion and by number of errors, The per- 
formance of the Control Group was actually a little better than that of the 
"Transfer Group. It must be remembered, however, that the original performance 
of the Control Group was also somewhat better than that of the Transfer Group, 
and in evaluating the differences between the two groups, this variation must be 
taken into account. Both trial and error scores were, therefore, subjected to an 
analysis of covariance which showed the differences between the groups to be com- 
pletely Insignificant, For trials the F-ratio was 0.003; for errors, 0.036. J 
Fig. 1 shows Vincent learning curves of the Transfer Group and the’ Control 
Group for acquisition of the second pathway. The curves show the percentages of 
the total learning period (in trials) required to reach successive criteria.” The 
form of the curve is quite similar for the two groups. A more sensitive index of « 
o yy a eager e Une d Bo ge NES SIS SA 


*A. W. Melton, The end-spurt in memorization curves as an artifact of the 
averaging of individpal curves, Psychol. Monog., 47, 1936 (No. 212), 119-134. « 
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latent learning may be provided by the number of errors on the first trial in learning 
the second pathway. This measure, however, again fails to reveal a significant 
difference in favor of the experimental group. For the Transfer Group, the average 
number of errors on the first trial was 7.50 with an SD of 1.89; for the Control 
Group 7.92, with an SD of 1.23.‘ Analysis of covariance, taking account of variation 
in the number of errors in the original training, yields an F-ratio of 0.44. Clearly, 
there is no evidence for latent learning as measured by speed of learning the 
second pathway through the maze. 

Recall test. The Transfer Group could have surpassed the Control Group in 
learning the second pathway only if it had learned the specific locations of the 
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Fic. 1. VINCENT CURVES FOR ACQUISITION OF SECOND 
PATHWAY THROUGH THE MAzE 


The point 12(1) refers to the first errorless trial; 12(2) is thel'criterion of two 
successive errorless trials. 


stimuli correctly reproduced by the Recall Group is 5.75, with an SD of 1.48 
This average number is, of course, quite significantly different from zero (4 = 12.78; 
P — 0.001). It is highly improbable that the recall score is seriously inflated by 


* Both the Transfer Group and the Control Grou 
e p orm at better than chance 
level on the first trial of the second athway. This eds is probably due to the 


fact that they avoided the positio f 
no longer correct, Positions marking the first pathway which they knew to be 
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successful guesses; guessing would result in the reproduction of incorrect as well 
- as correct words, yet there was not a single incorrect word among the items re- 
. called. When performance on the critical test does not depend on memory for the 
specific location of the items, there is evidence for a considerable amount of latent 
learning. 

DISCUSSION 

Whether or not we find evidence for latent learning depends on the testing 
procedure we use. In this experiment, a test of transfer failed to yield any evidence 
whatsoever for latent learning of a pathway through a mental maze. A recall test, 
on the other hand, showed that almost half of the stimuli marking the irrelevant 
pathway had been learned during the original training. The specific location of 
these cues in the maze had, however, not been learned. It is, of course, generally 
true that the observed amount of learning or ‘retention depends on the method of 
measurement. Tests of recognition, for example, typically yield higher measures of 
retention than do tests of active recall. The results of this experiment call attention 
to the fact that the demonstrable amount of latent learning is similarly a function 
of the method of measurement. 

What, then, is an appropriate testing procedure for latent learning? As long as 
the latent learning hypothesis is stated merely in negative terms, ie. as long as it is 
confined to the assertion that learning may occur in the absence of reinforcement, 
any test is as appropriate as any other, If one test yields negative results, the 
possibility remains that a more sensitive method of measurement can be found. 
Agreement on an appropriate test depends on a positive statement as to what the 
cognitive changes are which are expected to result from the original training. 

In this study we have tested the hypothesis that what the $ learns incidentally 
in a serial learning situation is not an organized sequence of signs and significates ;* 
rather he acquires information concerning individual irrelevant items. We suggest 
that our results may exemplify a general principle of incidental learning (of which 
latent learning is, of course, a special case): if rewarded training is for an organ- 
ized sequence of responses to a series of stimuli, there will be incidental learning 
of the presence, but not of the serial arrangement, of the irrelevant stimuli. We 
would hope tha this hypothesis will prove testable with animal Ss in the course 
of future experiments on latent learning. Whether or not this particular hypothesis 
proves useful, we wish to emphasize the need for positive hypotheses concerning 
the nature of latent learning. 


SUMMARY 

This experiment is concerned with the question of what it is the unrewarded $ 
learns in an experiment on latent learning in which he is exposed to irrelevant- 
incentive stimuli. The results demonstrate that S may acquire knowledge of the 
presence of irrelevant incentives without learning their specific location, Whether 
or not evidence for latent learning is found depends on the testing procedure used. 
"The need for the development of positive hypotheses concerning the nature of latent 
learning is stressed. 


* E. C. Tolman, Purposive behavior in animals and men, 1932, 155 f. 
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THE EFFECT OF VITAMIN-B DEFICIENCY ON THE HOARDING 
BEHAVIOR OF RATS 


By NATHAN B. Gross and VICTOR H, COHN, JR., 
Lehigh University 


` It has been demonstrated that when animals have been deprived of a specific 
nutritive material some of them, given a free selection of various types of food, will 
select those foods containing the needed material in preference to those which do 
not! It seems a reasonable hypothesis that if some animals can select the material 
that they require, they might also oard food containing it. Stellar attempted to 
study this question by injecting a variety of substances such as insulin and thyroid 
extract into rats! and Bindra by depriving rats of various food substances including 
fat-soluble vitamins? Neither of these experiments yielded positive results, ie, 
hoarding was not increased. The present experiment was designed to determine 
whether animals forced to live on a vitamin-B deficient diet for a prolonged period 
would hoard pellets containing a normal diet in preference to those containing the 
deficient diet, 

Hoarding apparatus. The hoarding apparatus was divided into six alleys, each 
40 in. long and 8 in. wide, built on a large piece of plywood. At one end of each 
alley was the animal's cage and at the other end a food bin. The food bin (7 in. 


the alleys and food bins, permitting easy observation of the animals. 

Food materials, All pellets were made with the same apparatus and were flat 
disks of approximately the same size (%4 in. in diameter and V$ in. thick). Pellets 
containing à normal diet were made by Brinding Purina Dog Chow Checkers and 


pellets averaged 2.56 gm. 
"Adaptation. "The rats were fed exclusively on Purina Rabbit Chow from the 


died for publication. December 18, 1952. These experiments were made 
possible 4 Brant from the Institute of Research of Lehigh University. A 
C. P. Richter, The internal environment and behavior. Amer, J. Psychiat., 97, 
1941, 878-895; P. T. Young, The experimental analysis of appetite, Psychol. Bull., 
orc cae a 

ot Stellar, The effect of epinephrine, insulin, and glucose upon hoarding in 
tats, J. Comp. Psychol., 36, 1943, 21-31; The effects of foa alterations of 
ue on the hoarding behavior of tats, J. Comp. Physiol. Psychol., 44, 1951, 

3 Dalbir Bindra, Hoarding behavior of rats: Nutriti i t 

Unpublished Doctoral dissertation, Harvard DETTE OPE 
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time they were weaned until they were used in the experiment. They were then 
placed in their cages in front of the alleys for a period of three days so that they 
might adjust to the new situation. During this time they were provided with an ex- 
cess of rabbit chow in the late afternoon and at night, but the food was removed in 
the morning, and no food was provided for about seven hours during the day. After 
the three-day adaptation period, each animal was permitted an opportunity to 
explore the alley and empty food bins. 

Control. For each control test, normal pellets were provided in one bin and 
B-deficient pellets in the other, and the animal was given an opportunity to hoard 
for 30 min, The animal was permitted to eat from the pellets it hoarded. The 
type of pellet which each animal brought back to the cage on each trip was 
recorded, At the termination of the hoarding period, the pellets were removed 
and rabbit chow provided. Throughout the experiment the positions of the normal 
and deficient pellets were reversed after each hoarding period. The control tests 
lasted six or seven days. At the end of this period those animals which had hoarded 
less than about 50% normal pellets were chosen for the B-deficient experiment. 

Deprivation period. After the control tests had been completed, the 17 animals 
chosen for the experiment were placed on the vitamin-B deficient diet for a period 
of 38-46 days. During this time an excess of the deficient food was provided. At 
the end of the deprivation period the animals were again tested daily for 6-7 days. 
The experiment terminated here for five of the animals. 

Following the hoarding tests at the end of the deprivation period, 12 of the 
animals were then returned to the rabbit chow diet. In addition, a container of 
brewer's yeast powder was placed in the cage to hasten recovery, After the animals 
had been returned to the normal diet for 46-53 days, the 12 animals were retested. 

Deficiency symptoms. Symptoms of vitamin-B deficiency were quite evident at 
the end of the deprivation period. The weights of the experimental animals were 
only one-third to one-half those of the litter mates not used in the deprivation 
experiment. All animals were undersized and had lost considerable hair. A few 
suffered from muscle spasms. When the animals were returned to the normal diet 
(rabbit chow and irradiated yeast) they showed marked gains in weight. Within 
a matter of dayg most of them weighed as much as their control litter mates. This 
rapid recovery of weight is particularly characteristic of animals who have been 
placed on a vitamin-B deficient diet and then returned to a fortified normal diet. It 
might also be added that the hair of the animals became more normal and the 
muscle spasms disappeared. 

Statistical treatment of the data, It was judged best to treat the data in terms 
of the dichotomous proportions (normal vs. deficient pellets) and to determine the 
significance of the difference between these proportions. For each part of the ex- 
periment the percentage of normal pellets was determined for each animal. Percent- 
ages were then transformed to thetas and significance determined for the differences 
between zheżas* This procedure was adopted in view of the skewed distribution of 
hoarding scores. 

Significance was determined for the following dichotomies: (1) the difference 


; P. O. Johnson, Statistical Methods in Research, 1949, 164-165. 
C. T. Morgan, The statistical treatment of hoarding data, J. Comp. Psychol., 
38, 1945, 247-256. 
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between the percentages of normal pellets hoarded during the control period and 
at the end of the deprivation period; (2) the difference between the percentages of 
normal pellets hoarded during the control period and after the animal had been 
returned to the normal diet; (3) the difference between the Percentages of normal 
pellets hoarded after the deprivation period and at the end of the time the animal 
was returned to the normal diet. In the ensuing discussion a difference will be 
considered as statistically significant if P is beyond the .001-level. 

Results. The data obtained from 12 animals, selected from four groups of litter 
mates, are presented in Fig. 1. For each part of the experiment the total number of 
pellets hoarded (TL) and the number of normal pellets hoarded (NL) is presented, 

In the hoarding tests following the deprivation period (black bars) all twelve 
animals hoarded significantly greater Percentages of normal pellets than they had 
during the control tests. Six animals hoarded 95% or more normal pellets. Five of 
the remaining animals hoarded 75-85% normal pellets. 

After the animals had been returned to the normal diet for periods of 46-53 days, 
all 12 of them hoarded significantly fewer normal pellets than they had at the end 
of the deprivation period. In general, their eating behavior tended to return to the 
level of the control period. Three animals hoarded about the same percentages as 
in the control period, two hoarded significantly less, and seven hoarded significantly 
more than during the control period (but again significantly less than at the end 
of the deprivation period). 

The other five rats (four white and one hooded) were also tested before and 
after having been fed the deprivation diet for 38-39 days, All five animals hoarded 
significantly more normal pellets after the deprivation period. Because the animals 
Were not returned to the normal diet, their results are not tabulated. 

After the last hoarding test following the deprivation period each of the 17 
animals was given a special mixed-pellet test. For this special test the partition was 
temoved from the food bin and the normal: pellets and deficient pellets were 
intermingled, Of the 17 animals, 16 hoarded significantly greater percentages of 
normal pellets than they had during the control period indicating that the preference 
was retained even when the pellets were mixd. 

The three animals of Group I showed an unusual ability to discriminate between 
the normal and deficient pellets, During the control period the three animals of 
this group hoarded 56-65% deficient pellets. During the tests following the depriva- 
tion period Animal No. 1 hoarded no deficient pellets, Animal No. 2 hoarded one 
deficient pellet on each of the first three days, and Animal No, 3 hoarded two 


diet for 53 days, hoarded approximately the same Percentages of normal pellets as 
in the control period. 


SSS 


] 


Loc] 


THE EFFECT OF VITAMIN-B DEFICIENCY 


ae (CT conmo — Willis oee 


I IW 


o IQ» 20 30 40 50 60 
PERCENT NORMAL PELLETS 


E RETURN TO NORMAL ' 


Fic. 1. THE EFFECT OF DEPRIVATION ON HOARDING 


i Percentage of normal pellets hoarded during th: 
oe and again after return to normal diet. W, 
, male; NL, number of normal pellets; TL, total 


e control period, after depriva- 
white; H, hooded; F, female; 
1 number of pellets hoarded. 


Information pertaining to nature and treatment of the Ss is here summarized: 


Type 
Number F 


M 
Age (in days) when placed on deficient diet 
Dee on deficient diet 
ays on normal diet after deprivation period 


Group 
I II IH IV 
w H LA vw 
1 5 2 0 
2 0 2 2 
85 67 43 66 
41 46 39 45 
53 46 47 51 
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The results of this experiment are in agreement with those obtained from the 
free-selection technique. A direct comparison with the studies of Stellar and of 
Bindra is not possible. The technique used in the present study differs from that 
used by Stellar, since natural depletion was accomplished and the deprivation was 
Mot a temporary condition induced by injection of a particular substance, The 
deprivation period in the present study far exceeded that employed by Bindra so 
that the difference between his results and those here reported might be attributed 
to the difference in length of the deprivation period employed. 

Conclusion. Rats maintained on a vitamin-B deficient diet and tested in a hoarding 
Situation show an increase preference for normal as compared with B-deficient 
pellets. The preference disappears when the animals have been rcturned to a 
normal diet, : 


*L. J. Harris, F. J. Hargreaves, and A. Ward, Appetite and choice of diet, Proc. 
Royal Soc., Series B, 113, 1933, 161-190. 
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THE ROLE OF SET IN SUCCESSIVE DISCRIMINATION 


By M. E. BITTERMAN and JAMEs V. MCCONNELL, University of Texas 


The relative difficulty of simultaneous and successive discrimination has been 
found to depend on the similarity of the stimuli to be discriminated and on the 
nature of the apparatus employed? The experiment here reported was designed 
to examine the effect of previous experience with the two types of problem on 
their relative difficulty. The importance of this variable was suggested by the inci- 
dental results of a recent investigation concerned with quite another question: One 
Broup of rats was trained on a simultaneous discrimination and a second group on a 
successive discrimination between horizontal and vertical stripes in a conventional 
jumping apparatus. Then the first group was trained on a simultaneous discrimina- 
tion and the second group on a successive discrimination between two circles of 
different diameter. The performance of the simultaneous group was superior to that 
of the successive group on the initial problem, but the performance of the two 
groups on the subsequent problem did not differ significantly? These results suggest 
but do not unequivocally demonstrate the effect of previous experience on the 
relative difficulty of simultaneous and successive discrimination, since the difference 
in experience was confounded with a difference in the stimuli to be discriminated. 
The present experiment was designed to separate the two variables. 

Subjects. Twenty-six naive Albino rats bred in the laboratory were studied. They 
ranged in age from 4-5 mo. at the beginning of the experiment. The animals were 
paired for age and sex to form two matched groups (Simultaneous and Successive) 
of 13 animals each. 

Apparatus. A conventional two-window jumping apparatus was employed, Behind 
the windows was a feeding platform to which the animal gained access following 
each correct response, and below them was a cloth net into which the animal fell 
after each incofrect response. The jumping platform was covered with a grid 
through which mild shock could be administered to break resistance to jumping. The 
entire apparatus was painted flat black. 

Preliminary training. Throughout the experiment the animals were maintained 
on a 24-hr. feeding schedule. After an initial period of handling, during which 
they were fed wet mash on the feeding platform, the animals were taught to jump 
gradually increasing distances (to a maximum of 9 in.) from the jumping platform, 
first to open windows and then to unfastened mid-gray cards. Manual guidance was 
used from the beginning to provide equal experience with both windows. 


* Accepted for publication January 19, 1953. EET i 
ŻE. F. MacCaslin, Successive and simultaneous: discrimination as a function of 
stimulus-similarity, this JOURNAL (in press). EAS A 
_?M. E. Bitterman and Jerome Wodinsky, Simultaneous and successive discrimina- _ 
tion, Psychol. Rev., 60, 1953, 371-376. ; te 

Bitterman, A. D. Calvin, and C. B. Elam, Perceptual differentiation in the course 
of nondifferential reinforcement, J. Compar. Physiol. Psychol, 46, 1955, 393-397. 
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Experimental training, Each group was trained on two discriminative problems 
in sequence—the Simultaneous Group on two simultaneous problems and the 
Successive Group on two successive problems, For 7 of the 13 pairs of animals, 
Problem I required a discrimination between black-and-white horizontally and 
vertically striped cards (the width of each stripe being 0.5 in.), and Problem II 
required a discrimination between two white circles of different size on black back- 
grounds (the diameter of the large circle being 4 in. and the diameter of the small 
circle 1 in.). For the remaining 6 pairs of animals, Problem I required a discrimina- 
tion between the circles and Problem II required a discrimination between the hori- 
zontal and vertical stripes, 

In the simultaneous problems, the two cards to be discriminated were paired 
on each trial; one of the cards was consistently reinforced and the other consistently 
punished. In the successive problems, the two cards presented on each trial were 
identical; the animal was reinforced for jumping to the right-hand member of 
one pair and the left-hand member of the other. Of the 13 animals constituting the 
Simultaneous Group, 3 were trained to jump to Horizontal stripes and to large 
circle 3 to horizontal stripes and small circle, 3 to vertical stripes and large circle, 
and 4 to vertical stripes and small circle. Of the 13 animals in the Successive 
Group, 3 were trained to jump left to horizontal stripes and to large circles,’ 3 to 
horizontal stripes and to small circles, 3 to vertical stripes and to large circles, and 
4 to vertical stripes and to small circles. 

Fach animal was given 10 trials per day by the method of correction. Each trial 
consisted of a series of one or more jumps to a given pair of cards which terminated 
with a correct response. A maximum of three errors could be made on each trial, 
following which the animal was guided in the correct direction. The criterion of 
learning, both for Problem I and for Problem II, was two successive errorless days. 
The Simultaneous and Successive Groups were equated for amount of experience 
on the first problem by the following procedure: The first member of each pair to 
reach the criterion was overtrained on Problem I until the second member of the 
pair reached the criterion; then both animals were shifted to Problem II. 

Results. In Fig. 1 the course of learning is plotted in terms of mean initial errors, 
and in Table I the performance of the two groups is summarized ip terms of mean 
initial errors and mean total errors on each problem. The performance of the 
Simultaneous Group on Problem I was superior to that of the Successive Group. 
Differences in initial and in total errors, evaluated by Wilcoxon's non-parametric 
test for paired replicates were significant beyond the 1-% level of confidence. On 


* Specifically, these animals were rewarded for jumping to the horizontally striped 
card, punished for Jumping to the vertically striped card, rewarded for jumping to 
the large circle, and -punished for jumping to the small circle, The phrases which 
api. waning of the other three Simultaneous sub-groups are to be interpreted 

ion. 


* Specifically, these animals were rewarded for jumping to the left window and 


"Frank Wilcoxon, Some pid Approximate Statistical Procedures, American 
Cyanamid Company, Stamford, Conn., 1949, 1-16. 


ROLE OF SET IN SUCCESSIVE DISCRIMINATION 131 


Problem II, however, no significant difference between the groups could be found. 
There was a marked and significant improvement in the performance of the Successive 
Group from Problem I to Problem II, while the improvement of the Simultaneous 


Group was statistically insignificant. 
In a recent paper on the relative difficulty of simultaneous and successive dis- 


TABLE I 
PERFORMANCE ON THE Two SIMULTANEOUS AND Successive PROBLEMS 
Mean initial errors Mean total errors 

simulta- succes- dif. simulta- succes- dif. 

neous sive neous sive x 
Problem I 16.3 27.2 10.9* 39.3 65.1 25.8* 

Problem II 12.5 13.0 0.7 25.3 24.8 —0.5 

Diff. 407 14.2* 14.0 40.5* 


* Significant beyond the 1-% level by Wilcoxon's test for paired replicates. 


crimination as a function of the kind of apparatus employed, Bitterman and 
Wodinsky provided an interpretation which applies equally well to the data of 
the present experiment.” Let us assume (1) that two quite distinct sets may operate 
in the conventional jumping apparatus which was employed—the perception of the 
animal may be organized (a) in terms of the difference between the two pairs of 
cards as pairs, or (b) in terms of the difference between the two cards of each 
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pair) In the first case we may speak of a between-pairs organization or a con- 
figurational set, while in the second case we may speak of a within-pairs organ- 
ization or a set for components. We further assume (2) that the solution of a 
simultaneous problem is facilitated by a set for components and retarded by a 
configurational set, and that the solution of a successive problem is facilitated by 
a configurational set and retarded by a set for components. In the case of a simple 
black-white discrimination, for example, the two card-pairs of the simultaneous 
problem (black-white and white-black) are quite similar as pairs, while the difference 
between the members of each pair is quite striking. For the corresponding successive 
problem, however, the two pairs (black-black and white-white) differ markedly, 
while no solution in terms of components can develop except in relation to a 
spatial conditionality. Finally, we assume (3) that the conventional jumping 
apparatus, in which the animal must directly approach (jump at) one card of each 
pair, promotes the functional isolation of the two members of the pair, i.e, estab- 
lishes a set for components and retards configurational organization. From these 
assumptions it follows that the initial difficulty of successive discrimination should 
be greater than that of simultaneous discrimination when the conventional jumping 
apparatus is employed.’ Once the configurational set has been achieved, however, 
the differerice between the two types of problem should tend to disappear; transfer 
in the successive group should be large relative to that in the simultaneous group, 
a deduction which is confirmed by the results of the present experiment. 

Summary. One group of rats (trained in the conventional jumping apparatus) 
learned two simultaneous discriminations in sequence while a second group learned 
two successive discriminations in sequence. The first successive problem was more 
difficult than the first simultaneous, but the second problems were equal in diffi- 
culty. The results are interpreted in terms of the transfer of set. 


"P. Weise and Bitterman, Response-selection in discriminative learning, Psychol. 
Rev., 58, 1951, 185-195; D. C. Teas and Bitterman, Perceptual organization in the 
rat, Psychol. Rev., 69, 1952, 130-140; J. R. Turbeville, Calvin, and Bitterman, 
Relational and configurational learning in the rat, this JOURNAL, 65, 1952, 424-433. 

In an apparatus which facilitates configurational organization, the initial diff- 
culty of the simultaneous problem should be greater than that of the successive 
(Bitterman and Wodinsky, op. cit., 371-376; Wodinsky, M. A. Varley, and Bitter- 
man, Situational determinants of the relative difficulty of simultaneous and successive 
discrimination, J. Compar. & Physiol. AR (in press). 3 
. This Statement holds only for problems involving relatively dissimilar stimuli, 
Since the successive problem permits no direct comparison of the stimuli to E 
discriminated, and since in the absence of opportunity for direct comparison dis- 
crimination between similar stimuli is all but impossible (E. L. Saldanha and 
Bitterman, Relational learning in the rat, this JOURNAL, 64, 1951, 37-53). MacCaslin 
has demonstrated the effect of stimulus-similarity on the relative difficulty of simul 
taneous and successive problems (op. cit.). 


DISCRIMINATION FOLLOWING VARYING AMOUNTS OF 
NONDIFFERENTIAL REINFORCEMENT 


By M. E. BITTERMAN and CLAUDE B. ELAM, University of Texas 


- The data of a recent experiment by Bitterman, Calvin, and Elam led to the con- 

clusion that nondifferential reinforcement at two points on an afferent dimension 
may facilitate subsequent discrimination between the points) For example, two 
of the six groups of rats studied in the experiment were given 12 days of training 
in a conventional two-window jumping apparatus during which time all responses 
were reinforced; one group jumped to two identical mid-gray cards and the second 
to horizontally and vertically Striped cards presented in simultaneous configurations 
(horizontal-vertical and vertical-horizontal). In the second stage of the experiment, 
both groups were trained on a simultaneous horizontal-vertical discrimination, and 
the performance of the second group was found to be superior to that of the first. 
This outcome suggested that a certain amount of perceptual differentiation had 
occurred in the course of nondifferentially reinforced experience with the striped 
cards. The present experiment was designed to study the effect upon subsequent 
discrimination of varying amounts of nondifferential reinforcement. 

Subjects. Eighty naive Albino rats, ranging in age from 3-4 mo., were studied. At 
the beginning of the experiment they were randomly divided into eight equal groups. 

Apparatus. The animals were trained in a two-window jumping apparatus. 
Behind the windows was a feeding platform, and below them was a cloth net into 
which the animals fell after each incorrect response during discriminative training. 
The entire apparatus was painted flat black. The stimulus-cards were of three dif- 
ferent kinds: (1) homogeneous mid-gray; (2) black-and-white horizontal stripes; 
and (3) black-and-white vertical stripes. The width of each stripe on each of the 
striped cards way 0.5 in. 

Preliminary training. The animals were maintained on a 24-hr. feeding schedule 
throughout the experiment. After being handled and fed on the feeding platform 
for several days, they were taught to jump gradually increasing distances (up to a 
maximum of 9 in.) from the jumping platform to.each of the open windows. 
Manual guidance was employed to provide equal experience with both windows, 
and each jump was rewarded with a nibble of wet mash. 

Nondifferential reinforcement. In the first stage of the experiment, all groups 
were nondifferentially reinforced. Four of the groups (S-3, S-6, S-9, and $12) 
jumped? to the horizontally and vertically striped cards arranged in simultaneous 


configurations. The amount of experience given these four groups varied systemati- 


* Accepted for publication April 15, 1955. We are indebted to Beverley Brand 
and E. D. Looney for assistance in the collection o! ta. AS. MN 
M. E. Bitterman, A. D. Calvin, and C. B. Elam, Perceptual differentiation in 
eld of nondifferential reinforcement, J. Compar. & Physiol. Psychol., 46, 
» 393-397. Pus 
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cally, the number of days of nondifferential reinforcement being indicated by the 
number used to designate each group (3, 6, 9, or 12). Each daily session consisted 
of 12 trials, 6 to each of the two lateral arrangements of the stimulus-cards. Of 
the 6 trials with each configuration, 3 were free and 3 were forced, and as a result 
‘each animal jumped equally often to each of the striped cards in each of the two 
windows. Each jump was reinforced with a nibble of wet mash. The remaining 
four groups of animals (G-3, G-6, G-9, and G-12) were treated exactly as were 
the correspondingly numbered S-groups, except that a pair of identical mid-gray 
cards was substituted for the striped cards. Of the 12 daily trials given these animals, 
6 were free and 6 were forced, with the result that each animal jumped equally 
often to the two windows. 

Discriminative training. In the second stage of the experiment (which began for 
each group on the day following the completion of the scheduled period of non- 


TABLE I 
ANALysis OF VARIANCE” 

Source df Mean square F Sig. 
Days 3 III 3.26 5% 
Conditions T 208 6.12 5% 
Tests 1 1855 54.50 1% 
DaysX conditions 3 48 1.41 
DaysX tests 3 89 2.62 
Conditions tests 1 90 2.65 
DaysXtestsX conditions 3 18 0.53 
Within groups 64 34 

"Total 79 


problem. 


differential reinforcement), all animals were trained on a simultaneous horizontal- 
vertical discrimination. For half the animals of each group (selected at random) 
horizontal stripes were reinforced, while for the remaining animals the vertical 
stripes were reinforced, Eight trials per day were given by the correctional method. 
Each trial consisted of a series of jumps terminating in a correct response which 
was either free or forced; the animal was allowed a maximum of three free jumps 
to a given arrangement of the cards, and after three errors it was manually guided 
in the correct direction. The two arrangements of the stimulus-cards were randomly 
Ns. from trial to trial. The criterion of learning was two successive errorless 
lays. 


Results, The results of the experiment are graphically summarized in Fig. 1, 
which shows mean initial errors on the horizontal-vertical discrimination as a 
function of number of days of nondifferential reinforcement on gray and striped 
cards. When total (initial plus repetitive) errors are plotted, much the same picture 
appears. The results of a statistical analysis of the data plotted in Fig. 1 are 
shown in Table I. Variance due to days of nondifferential reinforcement, to con- 


dition (nondifferential reinforcement on Bray as opposed to striped cards), and to 
X D 
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test (reinforcement of horizontal as opposed to vertical stripes in the discriminative 
training) were statistically significant, but the interactions were not. 

The advantage of the experimental design here employed becomes obvious when 
the results are compared with those of Bitterman, Calvin, and Elam. In both ex- 
periments, animals with 12 days of nondifferential reinforcement on the striped 
cards make significantly fewer errors on a subsequent horizontal-vertical discrimina- 
tion than do animals with 12 days of nondifferential reinforcement on grays. Only 
when the amount of nondifferential reinforcement is varied, however, does it become 
apparent that the transfer-effect of nondifferential reinforcement (whether on stripes 
or grays) is predominantly negative. 

The present data also serve to clarify the relation between the earlier results and 
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Fic. 1. MEAN INITIAL ERRORS ON THE HORIZONTAL-VERTICAL DISCRIMINATION 
AS A FUNCTION OF AMOUNT OF PREVIOUS NONDIFFERENTIAL 
REINFORCEMENT ON GRAY AND STRIPED CARDS 


those obtained by Siegel several years previously." Siegel gave rats two degrees of 
nondifferential reinforcement in a simple T-maze, following which the animals 
were trained to make a simple positional response. In the second stage of the experi- 
ment the performance of the group with the greater amount of nondifferential 
reinforcement was slightly but significantly inferior. This result, which suggested 
that perceptual differentiation (insofar as it is involved in the mastery of a simple 
T-maze) is retarded by nondifferentially reinforced experience, seemed contrary to 
iet concept of perceptual learning and seemed to support a deduction by Hull 
Which was based on the concept of a negatively accelerated growth of habit-strength 


l *P. S. Siegel, The róle of absolute response strength in simple trial-and-error 
learning, J. Exper. Psychol., 35, 1945, 199-205. € 
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as a function of reinforcement. The results of Bitterman, Calvin, and Elam, however, 
clearly contradicted the Hullian deduction and implied that perceptual differentiation 
may occur in the absence of differential reinforcement. The present experiment 
confirms both sets of findings—the results for the S-groups alone being directly 
analogous to those obtained by Siegel. 

Explanation of the data here reported appears to involve at least two effects, 
The general tendency for nondifferentially reinforced experience (whether with 
stripes or with grays) increasingly to retard performance on the subsequent hori- 
zontal-vertical discrimination suggests an attentional modification—a decrease in 
the functional significance of certain features of the situation which are relevant 
to the subsequent discriminative task—whether it be interpreted in terms of 
perceptual selectivity or of orienting response. The data of Walker, Knotter, and 
DeValois warrant the hypothesis that the effect may be related in part to the 
use of forced-choices during the first stage of the experiment! Whatever the 
source of the negative transfer, it does not seem to be related to changes in the 
strength of positional preferences. During the first’ 9 days of nondifferential re- 
inforcement the strength of these preferences remained very much the same, both 
from day to day and from group to group; during the last three days the preferences 
were actually somewhat-weakened in G-12 although they rose slightly in S-12. 

The general superiority of the S-groups to the G-groups in the second stage of 
the experiment may be taken to mean that nondifferential reinforcement on the 
stripes contributes positively to the subsequent discrimination, It is possible that 
the horizontally and vertically striped cards are not at the outset maximally dif- 
ferentiated for the animal, and that perceptual differentiation occurs in the course 


of sheer experience with the cards despite the lack of differential reinforcement. , 


Another possibility is that the stripes are perceptually differentiated to begin with, 
and that their presence during the first stage of the experiment merely serves to 
forestall the negative developments already considered. A third possibility is sug- 
gested by the significant variance due to test—by the fact that the performance of 
animals trained vertical-positive was markedly inferior to the performance of the 
animals trained horizontal-positive. If nondifferentially reinforced experience with 
the stripes tended partially to overcome an initial aversion to the vertical, the 
performance of the horizontal-positive group would not be appreciably impaired 
and the performance of the vertical-positive group would be markedly improved 
(relative to the performance of the corresponding G-groups). 

Of these three possibilities, the third can quite definitely be rejected. While the 
S-groups did show a slight preference for the horizontal stripes in the first stage 
of the experiment (making an average of 2.7 out of 6 daily free jumps to the 
vertical), the magnitude of the preference was not systematically changed in the 
course of nondifferential reinforcement. Furthermore, on the first day of training in 
the second stage of the experiment the corresponding S-groups and G-groups,showed 
closely similar preferences; mean responses to vertical were 2.5, 3.3, 2.8, and 3.3 
for groups G-3, G-6, G-9, and G-12, and 2.9, 3.8, 2.5, and 3.1 for the corre- 


* C. L. Hull, A Behavior System, 1952, 21-29. 

*E. L. Walker, M. C. Knotter, and R. L. DeValois, Drive specificity and learning: 
The acquisition of a spatial response to food under conditions of water deprivation 
and food satiation, J. Exper. Psychol., 40, 1950, 161-168. 
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spondingly numbered S-groups. Finally, the third interpretation does not account 
adequately for certain previous findings: (1) in the experiment by Bitterman, 
Calvin, and Elam, a group which was nondifferentially reinforced on the striped 
cards presented in successive configurations (horizontal-horizontal and vertical- 
vertical) was not superior to the group which was nondifferentially reinforced on 
grays, despite the fact that there was opportunity in the former group for equal- 
ization of stripe-preferences; (2) in the same experiment nondifferentially re- 
inforced experience with the striped cards in successive configurations facilitated 
performance on a successive horizontal-vertical discrimination in which stripe- 
preferences were ruled out and in which corresponding configurational preferences 
did not exist; (3) in an experiment by Bitterman, Elam, and Wortz,' extensive 
amounts of nondifferential reward and punishment did not significantly affect 
performance on a simultaneous horizontal-vertical discrimination when the non- 
differentially reinforced experience with the stripes was given in the context of a 
problem to the solution of which the horizontal-vertical difference was irrelevant. 

It is unfortunate that the data of the present experiment do not more adequately 
define the shapes of the curves plotted in Fig. 1. Clearly the two functions must 
take their origin from a common point, since with zero days of nondifferential 
reinforcement the two conditions are functionally identical (S-0 =G-0). If, then, 
as the amount of nondifferential reinforcement increases, the performance of S-groups 
becomes superior to that of G-groups, the two curves must be expected to diverge, 
as indeed they appear to do despite the fact that the interaction of days X conditions 
does not reach statistical significance, The subsequent course of the curves can be 
determined only by an experimental examination of the effects of longer periods 
of nondifferential reinforcement. 


SUMMARY 

Rats were trained in the jumping apparatus to discriminate between horizontally 
and vertically striped cards after 3, 6, 9, or 12 days of nondifferential reinforcement 
on either the two striped cards or on a pair of identical mid-gray cards. Performance 
on the discriminative problem tended to deteriorate with increasing amounts of 
nondifferential reinforcement both on stripes and on grays, but the deterioration 
Was more marked in the groups nondifferentially reinforced on grays. The results 
Suggest a general retarding effect of nondifferential reinforcement which is com- 
pensated for in part by experience with the striped cards. 


"Bitterman, Elam, and E. C. Wortz, Perceptual differentiation as a function of 
nondifferential reward and punishment, J. Compar. & Physiol. Psychol., 46, 1953, 
5-478, 


LEARNING AS A FUNCTION OF WORD-FREQUENCY 


By Jonn F, HarL, Pennsylvania State University 


The experimental work of Howes and Solomon has indicated a high inverse 
relationship between the frequency with which a word appears in the language (as 
indicated by the Thorndike-Lorge word count’) and the duration of time required 
for $ to perceive it? In an effort to provide a more exact statement of this relation- 
ship, Solomon and Postman controlled frequency more precisely by having Ss read 
and pronounce different nonsense words with frequencies ranging from 1 to 25* 
The results indicated the same inverse relationship between the recognition thresholds 
and the frequency of prior usage. 

If the assumption is made that there is a relationship between perceptual threshold 
and learning as measured by a recall score (that those words perceived most rapidly 
are easiest to learn), words which appear with a high frequency in the language 
should be learned more readily than those of low frequency. Aside from this 
theoretical consideration, the relationship found between learning and word-frequency 
should be of value in the calibration, construction, and utilization of word-lists 
which are so frequently used in rote-learning experiments. 

It should be noted that an earlier study by Peters did not seem to support the 
existence of such a relationship. In one phase of a series of experiments, Peters 
constructed five different word lists, the words in each list being selected from the 
2500 most frequently used words found in the Teacher: Word Book of 10,000 
Words^ List I contained words with frequencies of 1 to 500, List II contained 
words with frequencies of 501-1000, List III contained words with frequencies of 
1000-1500, and so forth. The Ss were then presented with these lists in a counter- 
balanced order, Recall scores obtained after one presentation indicated no significant 
differences between lists. i 

The relatively restricted range of frequencies that Peters employed, in contrast 
to the range employed by Howes and Solomon, would seem to make a more ex- 
tensive test of the relationship between word-frequency and recall desirable. The 
present experiment was designed to provide such a test. 


Frequency of word-usage. A word-frequency count is obtained by selecting a given 


* Accepted for publication April 16, 1 55. i b: rant 
from the American Philosophical Society. Mu ne poned by 5E 


iu P poc and Irving Lorge, The Teacher's Word Book of 30,000 Words, 


^D. H. Howes and R. L. Solomon, Visual durati function of 
word probability, J. Exper. Psychol., 41, 1951, 401-410. EE nce fundi 


*Solomon and L. Postman, F uency of usage as a determinant of recognition 
thresholds for words, J. Exper. Psychol. 43, 1952, 195-201. 


H. N. Peters, The relationship between familiarity of words and their memory 
value, this JOURNAL, 48, 1936, 572-584. 


" Thorndike, The Teachers Word Book of 10,000 Words, 1921. 
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amount of written material and then tabulating the number of times that each word 
contained in that material appears. Probably the best source of such a word-count 
is The Teacher's Word Book of 30,000 Words. Here the authors report tabulations 
from four sources: (1) textbooks, readers, the Bible, and the English classics; (2) 
recent and popular magazines; (3) books recommended for boys and girls in 
grades 3 to 8; (4) a miscellany of juvenile and adult reading. Though counts for 
the four sources are reported separately, the authors point out that the most im- 
portant and usually decisive index is the summary which combines all four. This 
summary was used as the guide im the selection of words used in the present study. 

Materials. Four word-lists, each list containing 20 words, were used. List A 
contained words which had a frequency-count of 1 occurrence per million words; 
List B had a frequency-count of 10 occurrences per million words; List C had a 
frequency-count of 30 occurrences per million words ;* and List D had a frequency- 
count of 50 to 100 occurrences per million words. The four lists represented a 
range of more than the 10,000 most frequently used words. 

The words used in each of the lists were obtained in the following manner: 
A table of random numbers was first consulted to provide a list of page-numbers 
with only numbers ranging from 1-208 (the number of pages in the Thorndike- 
Lorge text) being included. The first word, on the page indicated by the first 
random number, which met the required frequency and consisted of seven letters 
was noted. This last requirement was made in order to insure complete uniformity 
with respect to word-length. If the page did not have a word with the desired 
frequency and correct length, successive pages were examined until such a word 
was obtained. The serial positions of the words in each list were obtained by 
assigning each word a number and then consulting a table of random numbers to 
determine its position. 

The words used in each list and their order of presentation were as follows: 

List A. winsome, outcrop, saddler, foolery, bagpipe, timbale, muffler, disport, 
angling, languor, laconic, diurnal, cession, swaddle, interim, redoubt, emulate, 
missive, impiety, derange. 

List B. astound, discard, pastime, forlorn, esquire, pitiful, luggage, implore, 
storage, haughty freeman, lowland, moisten, ecstasy, chemist, mariner, rapture, 
valiant, ghastly, cleanse. 

List C. upright, immense, revenge, chimney, earnest, contact, pasture, absence, 
majesty, scratch, confine, doorway, blanket, despite, missing, heavily, furnace, sparkle, 
violent, harness. 

List D. forward, because, destroy, special, against, weather, another, example, 
problem, quarter, instead, believe, declare, outside, passage, written, silence, morning, 
teacher, attempt. 

Procedure, Nine groups of 20 to 30 students each, recruited from introductory 
classes in psychology at Pennsylvania State University, served as Ss. In all, 227 Ss 
were used. By means of a slide-projector, each word from one of the lists was 
Presented to a group for 5 sec., with approximately 120 sec. required to present 
the total list. Four such presentations were made with a 30-sec. rest-period between 


“The value for List C is not wholly correct. There was not a sufficient number 


of 7-letter words having a frequency count of 30 to construct a list of 20 words; 


consequently, it was decided to use words having frequency counts of 29 and 31. 
aa C contains 10 words having a frequency count of 29, 7 with a frequency count 
30, and 3 with a frequency count of 31. T 
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trials, After the last trial, paper was distributed and the Ss were given 5 min. to 
print as many of the presented words as they could recall. 

Resulis, Performance was measured in terms of the number of words correctly 
written by each $. Misspellings or variants of the correct word were not counted. 
The results, which are summarized in Table I, confirm the hypothesis that, within 


TABLE I 
Mean Numoer or Wonps RECALLED As A FUNCTION Or Wonp-FaEQUENCY 
List Frequency N Mean Diff. t Sig. 
dies 2 Rem o. n 
C 30 d qued 1.71 2.50 5% 
D 50-100 55 15.04 e Vs en) 


limits, the more frequently a word appears in the language, the more readily it is 
learned. Indirectly, therefore, they also tend to support the existence of a relation- 
ship between perceptual threshold and learning. From a methodological point of view, 
these results suggest that the Thorndike-Lorge word-count can be used, within limits, 
to calibrate words which may be used in learning experiments. Interestingly enough, 
these findings do not conflict with the earlier study by Peters, who used lists selected 
from the 2500 most frequently used words, which according to Thorndike and Lorge, 
have a frequency-count of 30 and above. It will be noted that in the present study, 
the two lists constructed within thís range of word-frequencies, did not show a 
difference in recall-scores. i 

Summary. Word-lists, containing words of a different frequency as indicated by 
the Thorndike-Lorge word-count, were presented to groups of college students, 
who were subsequently tested for recall. A significant positive relationship between 
word-frequency and recall was found, 


AN ANCHORING EFFECT IN THE OPERANT 
RESPONDING OF RATS 


By Epwarp J. GREEN, Harvard University 


Skinner reported in 1938 that high levels of illumination suppressed operant 
response rate in the white rat.* The present study was aimed at exploring the effective 
range of suppression. 

Procedure. A modified Skinner box made with bar and food magazine placed at 
one end was used. An illuminated milk glass panel 212 X 3¥/2 in. was fixed to the 
cage directly above the bar and 7 in. above the floor. Water was always available to 
the animals, air was continuously changed by an exhaust fan, and white noise was 
introduced for masking. The animals were four Wistar albino rats, approximately 
200 days old at the start of the experiment. They were deprived of food until they 
reached 80% ad libitum weight. They were then run on a 2-min. variable interval 
reinforcement schedule until their rates of response had stabilized. This initial train- 
ing period and the 10-day runs after the rates had stabilized were conducted with a 
brightness of 26 millilamberts (mL.) measured at the milk glass panel. f 

During the next 30 days the rats were run 1 hr. a day with brightness changing 
once a minute, independently of both response and reinforcement. Twelve different 
brightness levels were used. Apparatus limitations permitted the use of only four 
levels during any one experimental period, so three ranges of four brightness levels 
each were used. These were randomized in order of presentation, and each rat was 
subjected to each range for ten 1-hr. sessions. Each brightness range overlapped the 
next in the following manner. The low range extended from 0.5 mL to 26 mL; the 
medium range from 24 to 376 mL; and the high from 149 to 1166 mL. For the sake 
of simplicity, the brightest level in each range is called Stimulus I, and the other levels 
II, III, and IV" 

After this 30-day period, 10 more days were run under the original conditions of 
à constant brightness of 26 mL. 

Results. Total responding between the three brightness ranges was not significantly 
different; responding within each range, however, exhibits the expected effect of 
increased illumination. The number of responses emitted by each rat to each stimulus 
within a range was ordered with respect to the order of stimulus-intensity, and a non- 
parametric test of significance was made. The orderings for the middle and high 
ranges were significant beyond the 0.001 level. The ordering for the low range was 
not significant. 

The surprising fact of this experiment was the peculiar overlapping of response 
rates between the three brightness ranges. In Table I, one sees that responding to the 


2 eed for publication January 31, 1953. This study was directed by Dr. W. So. 
Verplanc S K 
UE Skinner, The Behavior of Organisms: An Experimental Analysis, 1938, 
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lowest level of the middle range is much greater than responding to any of the 
brightness levels of the lower range. Almost the same is true of responding to 
Stimulus IV in the high intensity range as compared with both the low and the 
medium ranges: a greater number of responses was emitted only to Stimulus IV of 
the middle range. 

It seemed that contrast effects arising from the serial position of a given stimulus 
intensity might be responsible for the phenomenon, so the number of responses made 
under Stimulus I was partialled into four categories: those occasions in which this 
intensity immediately followed Stimulus IV, III, II, and itself. A similar breakdown 


TABLE I 


Mean Nuwazn or Responses per 15 Min. Eurrrgp Unner EAcH 
EXPERIMENTAL Lever or BRIGHTNESS 


Brightness range 
Stimulus E 
Low Middle High 
I 113 93 84 
Il 126 109 100 
Il 129 133 121 
IV 136 150 147 


was made for responses made to Stimulus IV. The records for two days under each 

‘of the three ranges were used for this analysis, since readable records were not 
available for every session. It was thought that such a sample would be sufficient 
for non-parametric statistical treatment. The same X? statistic was applied to these 
data as was used with the orderings mentioned above. For the Stimulus I breakdown, 
the orderings were not at all signifiant. For the Stimulus IV breakdown, 
b fell between 0.10 and 0.20. Certainly this is no more than a suggestion that serial 
position or contrast alone have produced this effect. 

The study has demonstrated that the rate of operant responding in the white rat 
is inversely proportional to intensity of illumination, although the illumination is 
not contingent upon anything the rat does. It also seems that if a low råte of response 
is to be taken as a measure of aversiveness, then aversiveness must be defined in 
terms of the relative position of the stimulus with respect to others rather than by any 
absolute criterion. It is suggested that the observed phenomenon may be classed as 
an example of 'anchoring' in the operant behavior of the white rat. 
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AN APPARATUS FOR STUDYING THE PERCEPTION 
OF LIGHT-MOVEMENTS 


By J. H. ROHRER and E. L. HOFFMAN, Urban Life Research 
Institute, Tulane University 


The apparatus was designed to meet the following requirements: (1) 
a light-source should be moved at a given constant speed over a given 
distance; (2) the direction of movement should be readily variable; (3) 
the movement should be automatically repeatable, że. the light-source 
turned off, the lamp-housing returned to its point of origin, and the move- 
ment begun again; (4) the timing controls should make it possible to 
turn on and off a stationary light-source while attendant cues produced by 
movement of the lamp-housing are provided. 

Description. The assembled apparatus is pictured in Fig. 1. The mecha- 
nism is mounted on a 14-in. steel slab, 5 in. wide and 18 in. long. The slab, 
in turn, is mounted on a pyramidal iron framework supported at its base 
by a welded foundation 16.5 in. wide and 18 in. deep. A steel disk, 7.5 
in. in diameter, provides the surface for mounting the slab. Holes ¥ in. in 
diameter are center-drilled in the disk 14 in. from its outer edge at 0°, 
459, 909, 135°, 180°, 225°, 270°, and 315°. A spring-tensioned ball-bear- 
ing catch is "mounted on the slab adjacent to the disk at a 3.5-in. 
radius from point of rotation of the slab, thus providing a way of locking 
the slab in any of the eight positions on the disk to which it may be 
manually rotated. The mechanical power-source utilized is a model-11 
Boverned-speed reversible motor with a r.p.m. range of 500-7500, a prod- 
uct of the Lee Engineering & Manufacturing Company, Milwaukee. A 6-v. 
radio panel-lamp is used as the light-source. A wiring diagram of the 
apparatus is given in Fig. 2. The identifying code-letters are the same 
in both figures. 

The lamp housing, made from a copper can 1.875 in. in diameter and 


AUS apparatus described was constructed for research under ONR Contract 
Oat 475 (01) with Tulane University and the Office of Naval Research, in co- 
PES with the Neuropsychiatry Branch, Bureau of Medicine and Surgery, 
+S. Navy. 3 
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0.625 in. deep, is attached to a platform driven by the screw C. The 
front of this housing has drilled in it a J4-in. hole, located 1A in. off 
center, The entire front of the housing is covered with a cap in which 
three apertures—1, 2, and 3 mm. in diameter—are drilled 14 in. off- 


Fic. 1. PHOTOGRAPH OF THE APPARATUS 
(For description see text.) 


center. Any one of these apertures may be aligned with the 14-in. hole 
in the front of the light-housing by adjusting the position of the cap 
on the housing. One or more sheets of diffusing tissue may be placed 
between the cap and the housing to alter the intensity of the light. The 
circuit connecting this moving light with switches B and F and motor 
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windings H may be diverted with the use of jack plugs to a stationary 
light that can be used as a stimulus for the autokinetic phenomenon. The 
stationary light utilizes the timing features and attendant sound-cues of 
the movement-apparatus. 

Operation, As the light-housing-platform (LHP) reaches bottom of 
screw C, switch B is closed, causing the relay-coil J, the 6-v. transformer 
I, and the lamp A to be energized. The relay-contacts so connect the 
motor-windings H as to turn the screw C to drive the LHP upward. Ata 


Fic, 2. SCHEMATIC WIRING DIAGRAM 
(For description see text.) 


point set by adjustable probe D, switch B is opened, lamp A is turned - 
off, and relay-coil J is de-energized. The relay-contacts reverse the motor- 
windings H, and screw C reverses, driving LHP downward. If switch 
F is closed, the LHP, upon reaching bottom, will cause switch B to close 
and the operation will repeat. If switch F is open, contact E will be 
Opened by a probe, opening a motor-winding and stopping the operation. 
Switch K, when closed, provides for the flow of a 110-v. alternating cur- 
tent from the power-source to the transformer and motor windings through ^ 
Switches F and K. 
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Constancy of the speed of movement. The reliability of the apparatus 
for producing a constant speed of movement is documented in-Table 1,1 
Using Aubert's data for discriminable differences,? the rate of movement 
toward a gravity pull, at the slowest movement of which the apparatus 
is capable, would be discriminated as different from movement along 


TABLE I 


MEANS AND STANDARD Deviations or Time (ny Minutes) ror Licht Movement Over AN 
84. DISTANCE AT THE Most RAPID AND AT THE SLOWEST SPEED 
(Ten Measurements AT EAcH Posrrion) 


Slowest Most Rapid 
Movement Movement 
Direction of Movement 

M SD M SD 
Toward Pull of Gravity +493 d 072 001 
Away from Pull of Gravity 616 ou ts .o0r 
90° R to Gravity +590 008 O71 .002 
90° L to Gravity +596 .009 +070 001 


the other dimensions, The SDs of the distribution for the various directions 
are homogeneous, suggesting that the observed variation in the means 
is attributable to gravity and not due to variation in the speed of the 
motor. This discriminal difference disappears when the rate of movement 
is increased to 0.9 cm./sec. (8 in. / 0.33 min.). 


* The Ibi measures were made by using a Type S-6 Timer calibrated in 
:001/min., manufactured by the Standard Electric Time Company. 

* Aubert reports that reliable judgments of difference between two basic rates of. 
movement can be made when the difference is of the order of 1 to 2 mm. arc./sec: 
(0.05-0.10 cm./sec.).. See H. Aubert, Die Bewegungsempfindung. Arch. ges. Physiol., 


39, 1886, 347-370. z 


AN OLFACTOMETER PERMITTING STIMULUS SPECIFICATION 
IN MOLAR TERMS 


By F. NowELL Jones, University of California, Los Angeles 


Thresholds for chemoreceptors—olfactory or gustatory—are best given 
in terms of the molecular concentration of the stimulating substance in 
the medium used to convey it to the receptor-surface. This implies that 
control must be exercised over all other stimulus-variables—in the case 
of olfaction, duration of the stimulus-blast, pressure, volume, temperature, 
and humidity. Some of the previous attempts to accomplish this control 
have been reviewed by Wenzel,! and the difficulty encountered when an 
aspect of the stimulus other than concentration is used to define the 
threshold has been demonstrated elsewhere.? 

Difficulties of design center around two main problems, first, accuracy 
in specifying stimulus-concentration, and second, cost. Having a quantity 
of pure air with a known stimulus-concentration, it is relatively easy to 
devise a means of delivering a controlled blast of it to S's nose, al- 
though doing so inexpensively is not too easy. The solution to these 
Simultaneous problems to be presented below is not the only one possible, 
but it has proved relatively simple and convenient. 

A diagram of the apparatus is shown in Fig. 1. The odorous stimuli are 
Contained in a series of evaporation-bottles. Each unit (A) really consists 
of two bottlesecontaining identical materials, so that as odorous, air is 
drawn off, dilution progresses slowly, and each bottle has a glass-wool 
wick’ to hasten evaporation. In each absorption-unit, the odorous ma- 
tetial is dissolved in mineral oil, so that the odorous air is not too far above 
the expected threshold-concentration. When necessary to cover the range 
of individual differences, two or three different dilutions may be prepared. 
Since there is no bubbling of air, there is no chance of aerosol formation. 


* The “work re i -27515 
, ported herein was performed under Contract No. Nóonr-27515, 
Project NR140-008 between the ai ensiy of California and the Office of Naval 


Maece 
Bernice M, Wenzel, Techniques in olfactometry: A critical review of the last one 


: N. Jones, A test of the Elsberg technique of olfactometry, this JOURNAL, 66, 
22, 8185; J. A. Whittenburg, The effects 3 general activity and extended diurnal 
oiiton on olfactory sensitivity. Technical Report No. 11, Project DA-49-007-MD- 

I, 19-52), Army Medical Research and Development Board. é 


147 
e 


148 APPARATUS 


For each odor a syringe (B) three-way stopcock (C) and nosepiece (D) 
ate provided. These are clamped into holders on the main body of the 
apparatus, and connected to the absorption bottles by means of a short 
length of silicone-rubber tubing.* All connections among parts are made 
with silicone rubber, and all rubber stoppers are covered with aluminum 
foil. The nosepieces are especially fabricated, and provide air-tight connec- 


FiG. 1. DIAGRAM OF THE ESSENTIAL PORTIONS OF THE OLFACTOMETER 


tions to the nostril. When clamped in position, the plunger of the syringe 
makes contact with a rack, (E) which is driven by a constant-speed motor, 
(F) controlled by switch, (G). A stop (H) and the length of the toothed 
portion of the rack determine respectively the point at which the movement 
of the rack begins and the point at which it terminates. Since the stop and 
the motor-mount are adjustable, the extent of movement, and therefore the 
amount of air forced from the syringe, may be readily varied. As presently 
geared, a blast of 40 cc. is delivered in 0.8 sec. These magnitudes are such 


as to minimize quantity of stimulus-blast as a determiner of threshold. The . 


absorption-units are stored in a constant-temperature bath and are immersed 
in a constant-temperature bath during experimentation. The temperature of 
the baths is 25.9? C. with a maximum variation of - 10.1? C. Pure air is 
supplied continuously through a filter-chain consisting of silicia gel, ac- 
tivated charcoal, and silicia gel, in that order, This air is warmed to the 
same temperature as the stimulus bottles, and led to two funnels, not shown 
in the diagram, which serve respectively to provide a pure-air replacement 


* Obtained from the Connecticut Hard Rubber Company, New Haven. 
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for odorous air drawn off from the stimulus-bottles, and a source of pure 
air for the stimulus-mixture. 

Thresholds are found by metering various amounts of odorous air into 
the syringe by proper adjustment of the stopcock, (C) and then filling the 
syringe with pure air. This provides a very fine control of concentration 
and, since a knowledge of the vapor-pressure of the odorous material, its 
molecular weight, the molecular weight of the oil, and the temperature, 
permit calculation of the concentration in the bottle, the stimulus-concen- 
tration may be stated in molecular terms. There is no evidence of progres- 
sive shifts in threshold with continued drawing off of odorous air, and 
it is assumed therefore, that evaporation is rapid enough to prevent more 
than negligible dilution during a series of trials. 

A fairly constant environment is provided for O by a small temperature- 
controlled chamber in which he sits. This chamber is kept at 20° C., all of 
its air being filtered through charcoal. It is glass-lined, except for zinc hold- 
ing strips and a few stainless Steel inserts, and O's chair is covered with a 
polyethylene sack. This chamber provides a constant, but not perfectly 
‘baseline’ environment. Constancy is aided to a considerable degree by the 
fact that the chamber is in a room provided with a temperature- and 
humidity-controlled supply of air from a central ventilating system. Tem- 
perature variation in the chamber is very slight—too small to be measured 
with an ordinary laboratory thermometer. 

The experimental routine for obtaining a single threshold is as follows: 
After all connections have been made, a small amount of odorous air is 
drawn into the syringe, and then the syringe is filled with pure air by 
retracting the plunger while the nosepiece is placed in the pure-air funnel. 
Now O places the nosepiece in his nostril, and the blast is delivered by 
Switching on the motor. After every trial, the rack and plunger are with- 
drawn after lifting the motor a small amount on its hinged mounting, and 
While the nosepiece is in place in the pure-air funnel. Several purging 
Strokes of the plunger are then given by hand, and another trial begun. In 
actual practice, events proceed very rapidly—as rapidly, indeed, as trials 
Should be given, since adaptation must be avoided. After use by each O, 
the nosepieces are washed and sterilized with ultra-violet light. 

Sample results from four Os are available. In order to test the accuracy of 
the apparatus, it was decided to use two dilutions of two substances. Thus, 
it is possible to decide if the dilution in mineral oil and the metering 
provided by the syringe yield comparable results. That is, even if the con- 
centration of odorous molecules in the absorption-bottles differs, the thresh- 
olds in molecular terms for the same substance should remain the same. 
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The two substances used were methyl salicylate and benzene. There were 
unexpectedly large individual differences in sensitivity to methyl salicylate, 
and cross-comparison was not possible except for one inexperienced O, For 
benzene, however, comparison of two levels of dilution was made for all 
four O's. These results, each threshold being an average of three ascend- 
ing determinations, are given in Table I. Correspondence is quite close, 
considering the small number of trials. It should be pointed out that these 
thresholds are for recognition, which we have found to be easier to judge 
than are absolute thresholds. Shown also in Table I are the thresholds for 
methyl salicylate. 

The method of calculating thresholds in terms of molar ratios may be 


TABLE I 
THRESHOLDS ror BENZENE AND METHYL SanicyrATE (in MOLAR Ratios) 
Benzene 
oO methyl 
0.2% 0.4% salicylate 
AB 1.7X 1074 1.9X104 4.1X107 
SH 1.6X 10* 1.8X 107* 5.4X10* 
FNJ 1.8X 10 1.5X107* 3.6X 10 * 
MHJ I.1X 107 1.3X 107* 3. 6X 1075 
Mean 1.5X 10-4 1.6X 107* 2.6X 10 * 


of interest. First of all, one must know the vapor pressure of the odorous 
substance. The best source is probably Timmermans. If only the boiling 
point is known, it is possible to estimate the vapor pressure (as indeed 
was done for methyl salicylate in calculating the thresholds in this note). 
Now, from the densities and the molecular weights of the,odor and the 
mineral oil, one can find the molar ratio of the solution, and hence calculate 
the vapor pressure of the substance as diluted (the vapor pressure of the 
mineral oil, which is very low, is neglected), by multiplying the vapor pres- 
sure by the mole fraction. The molar ratio of odor in the absorption bottle 
is then determined by reference to the air-pressure, and finally, the molar 
concentration of the threshold-blast is found from the volume of odorous 
air in the total mixture from which the blast is delivered. 


“Obtained respectively from the General Chemical Company and the Eastman 
Company. 


ta Timmermans, Physico-Chemical Constants of Pure Organic Compounds, 
‘G. W. Thomson, Determination of Vapor Pressure. Chapt. V in Arnold 


Weissberger (Ed.), Technique of Organic Chemistr Vol. I, Part 1, Physical 
Methods of Organic Chemistry, 1949, 228 (Formula 97). 1 
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Since the actual number of odorous molecules reaching the olfactory 
epithelium must depend upon a variety of factors, few of them the same 
for any two methods, no guess at the number of molecules involved in a 
barely supra-threshold stimulus will be attempted here, nor do comparisons 
with thresholds obtained by other methods have much meaning. If an 
apparatus can provide stable and homogeneous conditions with which to 
work, and if no variables other than stimulus-concentration, stimulus-sub- 
stance, and O determine the thresholds, it has fulfilled its function. It ap- 
pears that the apparatus herein described meets these criteria. 


APPARATUS NOTES 


THE BARNES-CZERNY APPARATUS FOR DEMONSTRATING 
QUANTAL FLUCTUATIONS IN VISION 


The purpose of this note is to call attention to the Barnes-Czerny apparatus which 


enables the student to see quantal fluctuations as a scintillating dot-field similar to | 


the twinkling of stars at night when atmospheric turbulence is high.’ 

The apparatus itself is simple. It consists of an aluminum rectangular sheet 18 
x 23 in., perforated with a set of holes, Y4 in. in diameter, spaced at the intersections 
of a 1-in, grid. The perforated sheet is painted flat black and mounted in an opening 
in a wall flush against a sheet of flashed opal glass. A 6-w., 120-v., candelabra base, 
bulb (GE6S6) is placed 4 ft. back of the opal Blass in an adjoining lightproof 
room. It is not important whether the room is uniformly black or white. The bulb 
is connected to a variable auto-transformer (Variae 0-130 v., 5 amp, max.) which 
is in the room where S$ can look at the apertures in the aluminum sheet. He is 
seated about 212 ft. in front of the perforated plate with the transformer within 
convenient reach. He is told that the room will be suddenly darkened. He is asked. 
to adjust the Variac until he can just see and just fail to see the dot-field, He is 
asked to describe what he sees. He discovers or can be primed to discover the course 
of dark-adaptation through the necessity of adjustment of the Variac control towards 
ever-lowering voltages for awhile. Then he finds that the setting of the control re- 
mains within a region—his terminal level of dark adaptation. The almost incredible 
sensitivity of the eye becomes apparent to the.student when, after the experiment, 
he finds that the bulb was operated on from 4 to 12 v. with its filament barely glow- 
ing. He may also discover but he will more often have to be told to notice that the 
set of dots he looks at directly are not visible—the fact of foveal night blindness. 
Finally, however, most people report the peculiar appearance of the dot-field—it 
+winkles, Some Ss may have to move closer or farther from the apertures to see the 
twinkling best. 

It is this observation of twinkling that Barnes and Czerny used to determine the 
average number of quanta required to excite night vision. 

Other theoretical explanations can be offered —Crozier's neural fluctuations, scan- 
ning mechanisms, etc.—depending upon the level of the students. 

There is another observation. The entire dot-field shows overall a slow waxing 
and waning in brightness. It is possible that this last observation may be correlated 
with the Traube-Hering waves? 

To clarify the quantum concept the author has found the following macroscopic 
analogy useful. The light quanta coming through the perforated plate can be 
likened to grains of sand falling on the top of a set of test tubes arranged in the 


*R. B. Barnes and M. Czerny, Lässt sich ein Schroteffekt der Photonen mit dem 
Auge beobachten?, Zsch. f. Physik., 79, 1932, 436-449. 
*R. S. Woodworth, Experimental Psychology, 1938, 701-702. 
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same pattern as the perforated plate. The openings in the test tubes correspond to 
the apertures in the plate. The light intensity—quanta per second per unit area— 
corresponds to the rate of fall and random density of the sand grains. (Of course, 
the rate variable is not appropriate for light whose velocity is constant for a given 
medium—this is one instance where the analogy is not complete.) If just a few 
grains of sand are falling the number of grains collected in each test tube with short 
duration samples will vary from tube to tube more than when more grains of sand 
are falling, It is this variability from tube to tube that corresponds to the variability 
in the number of quanta passing through the apertures of the perforated plate. It is 
this variability which the dark adapted eye sees as a twinkling of the dot-field. 
Yale University Lioyp HENRY BECK 
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A GRID FOR ADMINISTERING SHOCK 


The use of a conventional grid for administering shock to unrestrained animals 
(rats) has the disadvantage that an S may stand on two bars of the grid which are 
on the same side of the electrical circuit, and thus avoid the shock. This possibility 
may be eliminated by use of the circuit diagramed in Fig. 1. The device makes use 
of a motor driven commutator which connects one bar of the grid at a time to the 


MAIN SHOCK 2500 -n low 
SWITCH SWITCH RHEOSTAT 


P 
COMMUTATOR 
115 vac ren 
GRID BARS 
100,000 -^- 
RESISTORS 


Fic, 1. CIRCUIT FOR Grip 
This circuit provides for shock between any two bars of the grid. 


center pole of a rheostat; repeating the cycle several times a second. All bars are 
connected to the other side of the circuit through individual 100,000 ohm resistors. 
An S making contact with any two or more bars will receive a shock every time 
any one of these bars is connected. The theostat may be adjusted to deliver a shock 
ranging from 0 to about 0.5 m. amp. assuming a skin resistance of 100,000 to 
200,000 ohms. The upper limit, 0.5 m. amp., is a strong shock for a rat. 

Experimental results indicate that rats will learn an avoidance response appreci- 
ably faster when the present device, rather than a conventional grid, is used. 

University of Wisconsin L. BENJAMIN WYCKOFF 

z Horace A. PAGE 


*K. F, Muenzinger and F. C. Walz, An examination of electrical current stabilizing 
devices for psychological experiments, J. Gen. Psychol, 10, 1934, 477-482; 
B. F. Skinner and S. L. Campbell, An automatic shocking grid apparatus for con- 
tinuous use, J, Comp, & Physiol. Psychol., 40, 1947, 305-307. 


NOTES AND DISCUSSIONS 
THE EARLIEST FORMULAE USED IN FACTOR ANALYSIS 


Spearman in his famous paper of 1904 quotes a table of the inter-corre- 
lation of six tests and measurements and on the next page a list of 'g 
loadings.1 His object was to expound the then novel idea that there is only 
one kind of intelligence, and that it is possible to measure it. He does 
not appear to have thought that the actual arithmetic would have inter- 
ested his readers, and he gives no indication at all as to how these factor 
loadings were calculated. There is no doubt, however, that the factor 
loadings he quoted had been calculated from this table of intercorrela- 
tions, and there is very good reason for supposing that the method he 
used must have been not dissimilar from those in use today. In Table 
I are shown the factor loadings quoted by Spearman and the loadings ob- 
tained from his table by two of the methods most frequently used today ; 
the simple summation method and the centroid method. 


TABLE I 


SerAnMAN's Factor Loapines wir Txoss Osratnep PROM His Taste 
nv Mopern Merxops 


Loadings Classics French English Math. Pitch Music 
Spearman's (1904) x : -90 .86 m .qo 
Cta by simple summa- 2 E s i 

jon : .89 .8o E x .65 
Obtained by the centroid * 
method ° -91 .88 82 77 +70 .68 


Spearman quotes two separate ‘g’ loadings for discrimination of pitch. 
Both could not have been calculated from his table of inter-correlations ; 
One at least must have been obtained from another source, as were four 
other loadings in the list. The 'g' loadings for discrimination of pitch are 
for ‘cultured’ and for ‘uncultured’ persons, and since school boys of 11-12 
yt. of age could hardly be described as cultured, at least not in the musical 
Sense," it is reasonable, to suppose that the loadings for ‘uncultured’ 
Persons was the one he obtained from the correlations of the scores of 
his schoolboys. 


a 
ee Charles Spearman, ‘General intelligence” objectively determined and measured, , 
is JOURNAL, 15, 1904, 202-292, esp. 275 f. 
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When there are only six tests and the matrix is not a very close ap- 
proximation to rank one, different methods of factorizing are likely to 
give somewhat different loadings. Spearman's method may be slightly 
less accurate than the other two, but the difference is not very great, and 
when it is remembered that this is the first factor analysis ever made, the 
results must seem surprisingly good. 

There is no evidence that Spearman ever at any time used a method of 
factorizing which employed guessed communalities, whereas there is 
teason to believe that he was opposed to this method. In a single-factor 
factorization where the communalities are the squares of the factor load- 
ings, to use guessed communalities would be to- run the risk of being 
accused of assuming what it was required to prove. 

The writer has worked on Spearman's correlations using different fac- 
torizing methods that do not use guessed communalities, in the hope 
of finding one that gives the same loadings as those quoted by Spearman. 
Some results are shown in Table II below. 

Formula 2 is the earliest known Spearman formula, which will be 
mentioned later, and Formula 3 is an obvious simplification of it, The 
other formulae are expressed in the same notation, where 

4, = the sum of column s, the communalities being omitted, 

2X = the sum of all the correlations in the table, the communalities 

being omitted, and 

n = the number of tests, 

Formula 4 is a very unlikely one, but it does give values that are close 
to Spearman's, 

It is obvious that Spearman cannot have used any of these formulae; 
none of the loadings obtained agrees sufficiently closely with his values. 
Since he has quoted his correlations rounded off to two figures, an exact 
agreement is not to be expected, but that should not cause a disagreement 
of more than about 0.01 in any of the loadings. 

In an endeavor to find a clue to the method Spearman had used, à 
careful study was made of the relevant passages in his 1904 paper and 
of the references to this work in his paper of 1906.2 There seems to be 
good reason to suppose that Spearman had attached greater importance 
to the correlations between Classics, French, English, and Mathematics 
than to the others. In the discussion of hierarchical order on pages 274 
and 275 of his 1904 Paper he discusses these measurements first, and 


* Spearman, Die Korrelation zwischen ied isti i higkeiten, 
p a Pudor 44, 1906, 87. en verschiedenen geistigen Leistungsfahig] 
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f only later mentions the measurements of discrimination of pitch and 
musical ability, which actually fit into the hierarchy quite as well as the 
" others, In the table of correlations on page 275 he quotes the reliabilities 


- of the scores for Classics, French, English, and Mathematics but not for 


the other two measurements. Lower on the same page he says that the 


TABLE II 
CORRELATIONS with Drrrerent Mernops or FAcTORIZING 
Formula Classics French English Math, Pitch Music 
(1) Spearman 1904 +99 -92 +90 .86 m “70 
4) ay n—2 88 8 6 
A/aZ—a, na, +95 i +81 “75 -67 -65 
n—1—— 
22 
ay 
() Wasa, +94 87 „80 5 .68. .66 
4 —— 8 8o 
vaZX-a 97 -91 4 m 70 
a, 
6) Vas -84 “19 E .69 E .6r 
9 M is » o5 9 o 05 8 
V? n—1 E 
du "i 
9 Vas E .91 .8s «79 5 68 .66 
4 n ? 
@) MA nai 1.01 -95 .88 -83 15 i75 
4, mni 
(9) EUR. .98 92 .85 „81 713 E 


probable errors vary from about 0.01 for the ‘ordinary studies’ to 0.05 
for music. In his 1906 paper he again discusses Classics, French, English, 
and Mathematics together, and mentions music and discrimination of pitch 
almost as an after-thought. This paper states that there were 36 pupils in 
the group, but the appendix to the 1904 paper (pages 290 and 291) 
makes it clear that only 22 of them had taken music as a school subject. 
It appears from a statement in the 1906 paper that there were no matks 


for music; the pupils were arranged in order of ability by the music 
master, 
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Whatever may have been Spearman’s reasons for attaching greater 
importance to Classics, French, English, and Mathematics, there is no 
doubt that he did. This fact suggested to the writer that, i£ Spearman re- 
garded these measurements as being more reliable, he may have thought 


TABLE III 
Marnix REDUCED TO InTERCORRELATION OF Four MEASUREMENTS 
Sum of 
deviations 
Formula Classics French English Math. from 
Spearman's 
values 
(1) Spearman 1904 .99 .92 .90 .86 
Tas'Tbs 
(2) Mean of S .95 87 -83 “75 o 
Tab 
6) a n—a 3 
3 Ape BEGETS «96 -85 .8o 75 +29 
gee 
à 22 
ay 
(4) Wana «92 -85 82 78 +30 
as 
EV: E 14 qu «69 m4 
ds my 
(6) Vas V -9r .85 82 “79 ES 
à, "Ei 
9 Vas f= -88 -83 .8o -77 +39 
à n 
® Taare 1.05 -99 -95 -91 +35 
(9) 4, ndi 
D URS -99 .92 -89 .86 E 


that a more accurate estimation of their 'g loadings could be obtained 
Sd them alone; the pitch and music correlations being omitted from the 
table. 

The matrix reduced to the intercorrelations of these four measurements 
was factorized by the more likely methods, and the results are shown in 
Table III. i 
j It pa be seen that Formula 9 gives loadings that are practically iden- 
tical with those quoted by Spearman. Three agree exactly and one differs 


NOTES AND DISCUSSIONS 159 


^ by only 0.01. Since these loadings have been calculated from correlations 
that have been rounded off to two figures, no closer agreement could be 
expected. 

Factorizing formulae which give practically identical loadings with a 
large table of correlations will give quite considerable differences in the 
loadings with a table of the correlations of only four tests. With so 
small a table, a formula would be expected to give considerable deviations 
from Spearman's values unless it was the formula that Spearman used. 
This is exactly the picture presented by Table III, The sum of the devia- 
tions from Spearman's values are shown in the last column. In the case 
of Formula 9 it is 0.01, the next nearest is 0.23. 

It may be argued that this proves nothing, since if a large enough ` 
number of formulae are tried, sooner or later one will be found to give 
values close to Spearman’s. Against this is the fact, shown by Table III, 
that ‘wrong’ formulae do not give values that are close to Spearman's, they 
give values that are very different. Also, it is not possible to go on trying 
different formulae; the number of possible formulae is very limited. 

There are two other pieces of evidence in favor of Formula 9. If 
Speatman used this formula to obtain loadings for Classics, French, 
English, and Mathematics, it is equally likely that he used it to obtain 
the loadings for Pitch and Music, by factorizing all six of the tests. If he 
did, he would have been expected to have quoted the loadings found with 
this formula and shown in the last row of Table II. These are 0.75 
and 0.71, and the loadings he quotes are 0.72 and 0.70. There is a 
discrepancy of 0.01 in each case. This is too close to be a coincidence. 

The other piece of evidence is that the earliest known Spearman formula 
(Formula 2 ofeTable II, and Equation [i] following) is of the form of 
an approximate formula with a correction factor, and Formula 9 of 
Table II is also of this form. 

All this is very far short of proof, but at least it seems extremely prob- 
able that in the first single-factor factorization ever to be made, the formula 
used was 


a, nti 


° ie 
SE n ^ 


In the early days Spearman did not publish any of his factorization 
formulae, but in one of his letters written in 1909, that is now among 
the Spearman collection at the (British) National Institute of Industrial 
Psychology, he says that there are various formulae that can be used, 
depending on the degree of exactness aimed at, but that the results are 


t e 
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practically the same in any case. In the same letter he gives one of his 
formulae; (it is Formula 2 of Table II). He stated it as follows:— 


Tu = mmy 
[3 
=— X 
V22 — a, 


™ 


4, = the sum of all the correlations with the performance ‘s’ 

2X = the sum of all the different correlations altogether 

n = the number of performances i 
m; has a value analogous to m, 

A little later Burt published an account of some experimental work in ' 
which he quoted this formula, attributing it to Spearman.? It is possible 
that more of Spearman's correspondence or personal memoranda may 
come to light and some others of his early formulae may be discovered, 
but until they do, this is the first factorization formula of which we have _ 
any record, | 

It will be obvious that the quantity 


h 
n—2a 

oh ve h 
na, P 
n-1-— , 
| 

j 

5 

i 

t 


22 


tends to unity when 7 is large, and is of the nature of a correction factor. 
The remainder of the formula can be used without it, without any great 
loss of accuracy. The formula is, in fact, surprisingly accurate. As an 
illustration an artificial matrix of the correlations of six “tests” having | 
factor loadings of 0.8, 0.7, 0.6, 0.4 and 0.3, when factorized with this 4 
formula, gives the loadings shown in Table IV. For comparison, the load . 
ings obtained by the centroid formula are also shown. . 


TABLE IV B 
COMPARISON or THE LoADINGS 1 
"True loadings 8 7 6 “5 “4 3 1 
Spearman's formula with cor- + Ei 
rection factor 797 .704 .607 .501 «406 +303 
Spearman's formula without Y 
correction factor «761 -648 „600 511 -416 -318 i 
Centroid method -758 -793 -620 -535 E EAS - 


om Burt, Experimental tests of general intelligence, Brit, J. Psychol, 5, 1909. 4 
^ 
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‘The derivation of the first part of the formula is fairly obvious. If 
"the matrix of correlations is written in the form of the factor products, 


T mm mm mm: 
mm — mm mm: 
mm mm ~ mm 


mm mm mm — 


then in Spearman's notation 


ay = mim: + mm; + mmc 
= m(m mm) Terese odisse nose ee [ii] 


—— and similarly 


dig = mm + ma + mas) = mma + m + mat) H mm — mé 

a, = mm + m + m) = mmi m d ma = = $ ) + mam — mé 

1 etc : 

"The sum of all the terms on the right in heavy type is likely to be a very 
small quantity, so that, summing all the Equations [iii] 

Eu ad... = (m, + m, + m, + ....)? + a small quantity 
—— Thus, the first part of Spearman's formula 


CLINTON mmm 
++ [iii] 


M ay T: a 
VET AMEN 
a mim + ms tm) 
= Vm ma + m+ ++ X Fa small quantity 
= mı (approx.) 


s 


It is quite a close approximation as can be seen from Table IV. 

The derivation of the first part of the formula is obvious, but how 
Spearman obtained the rest of the formula is not so certain, The 
small quantity that was neglected contains the terms m, m,?, m,?, etc., 
Which cannot be calculated. The question is how Spearman obtained an 
approximate value for them. The writer suggests the following derivation 
as the most likely, as it employs two devices that Spearman has used in 
other mathematical work. 

The first is a method of summing all the correlations of a matrix that 
do not involve some particular test ‘s.’ It is 


(Sum of all correlations not involving 5) = 2X — 24, 
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where X and a, have the same meaning as in Equation [i]. Spearman used 
this device in the factorization formula usually associated with his name, 

The other device is that of exchanging the arithmetic and geometric 
means of quantities of similar magnitude. This device can be used to 
obtain approximate values for the unknown quantities m,*, m;?, m,?, etc., 
in terms of known quantities. For instance, 


(mz + mj) = Jmm (approx.) 
= Tx (approx.) 


In the case of three such quantities 


am + ma + me = Anz + m) + (ams? + mé) + (me + m2] 
= Mora + aru + an]. 


If this device is used to average all the possible values of (m,? + m,? + 
m,’...) throughout the whole matrix, we get 


1 (sum of all the correlation coefficients in the matrix 


2 go...) = —_ 
(md mat + ) n—2 that do not involve test 1) 


Summing Equations [iii] shows that 


aE — a = (m+ m mo omm m + mio) — (n4 mi Hm). 


Substituting Equations [ii] and Į iv] 


22 — a = (m+ ms + ms +> P+ ay —— 


(ad — 2a’). 
n—2 


So that, 


(mF met mes P= (22 — a) — [a — 62 — 2a) |. ee [d 


1f, as the writer believes, Spearman did use these two artifices and ob- 
tained the relationship expressed in Equation [v] the derivation of Spear- 
man's factorization formula, Equation [i] above, is fairly obvious. 


Beginning with the identity ; 


» 


7 
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2mm + ms + mc) 
0 Mm; ma mec 


m 


and substituting Equation [ii] in the numerator and Equation [v] in the 
denominator. 


a 


ye-a- [a - 02-29] 
a 
Me = 33 a — : jene 
n—2 


aZz—a 


a 


— 20 + na 
yez a E ~ (n— 3a a) 


a 


(approx.) 


or in the form in which Spearman presented it 


a "n—2a 
m= TE 
A/aX—a nay 
tf 1 


22 


It is an approximation and not an exact value, but just how good an 
approximation it is can be seen by comparing the first and second rows 
of the Table IV. 
National Institute of Industrial Psychology D. F. VINCENT 
London, England 
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METHODS FOR COMPUTING UNCERTAINTIES 


This note should be regarded as a footnote to Newman's valuable 
paper on the computation of uncertainties and autocorrelation coefficients, 
It will propose a simplification in tabulation techniques for computing 
uncertainties in binary data, and will discuss how to compute uncertainties 
in certain kinds of non-binary data. 

Simplified tabulation of binary data. The basic requirements for computa- 
tion of uncertainties is a table which shows the frequencies of occurrence 
of various sequences of events. Often these events are binary, i.e. at any 
moment only two alternative events can occur. For instance, a rat in a T- 
maze in the absence of reinforcement may turn right or left; a rat in a 
Skinner box may press the bar or approach the food-tray; a human being 
may judge a given tone as louder or softer than a standard. Let us call the 
two possible events in such a situation A and B. It often happens that the 
choice between these two events is influenced by the sequence of such events 
Which has already occurred. If the longest sequence length we wish to 
consider is four, then a table must be prepared from the data showing 
INNO Rat AC NOn where DU ia is the number of times the 
sequence of events 4444 occurred, 

Once the number of occurrences of all possible sequences of length s is 
counted from the data, the number of occurrences of sequences s — 1, 
$ — 2,..., 1 long can be determined by addition. There are, however, 
two ways to do this, as Table I illustrates, Table IA shows some of New- 
man's data tabulated as he tabulated it; Table IB is the same data tabulated 
in the other possible way. In Table IA, N Ap, is found by adding 
Nassa and Nisas; in Table IB, Nag, is found by adding N4454 and 
Ngasa. Notice that the value of N45, is the same in each case, as it 
should be, In short, it does not matter whether N. ‘aga is determined by sum- 
ming the number of occurrences of the two sequences in which ABA are 
the first three symbols, or the number of occurrences of the two sequences 
in which ABA are the last three symbols, 


* This research was done in cooperation with the Systems Coordination Division, 
Naval Research Laboratory under Contract N5-ori-166, Task Order I, between the 
Office of Naval Research and The Johns Hopkins University. This is Report No. 
1661-169, Project Designation No. NR 507-470, under that contract. 

ŽE. B. Newman, Computational methods useful in analyzing series of binary data, 
this JOURNAL, 64, 1951, 252-262. For more complete presentations of the funda- 
mental concepts underlying computations of this sort, see C. E. Shannon, A mathe- 
matical theory of communication, Bell Syst. Tech. J., 27, 1948, 379-423, 623-656; 
and F. C. Frick and G. A. Miller, Statistical behavioristics and sequences of responses, 
Psychol, Rev., 56, 1949, 311-324. 
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makes possible a considerable reduction in tabulating labor. 
f equations which looks like this can be set up: 


EN ABAB = N 4ra t Noapa = N44) as PNE {1} 


data, there will be 2° different sequences of length $ which 
xulated. Since there are 2*/2 equations like Equation [1], it seems 


TABLE IA 
's Data on Vowet AND Consonant Frequencies As He TABULATED Ir 
21 
AAA 9o 
69 
AA 274 
155 
AAB 184 
29 
A 6or 
143 
ABA 263 
120 
AB 327 
56 
ABB 64 
8 
69 
BAA 184 
115 
BA 327 
108 D 
BAB 143 
35 
B 399 
3 41 j 
BBA 64 
23 
BB n 
8 A ! 
BBB 8 $ 


and determine the frequency of occurrence of the rest by solv- 
of simultaneous equations. Actually, however, this is not p 
the equations associated with, for instance, N,,, and Npp 


+N aas = Nyssa T Ngasa (= Nan [2] 
s to s 
NOME M CET eee IN 
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and so gives no information about N 4444 at all. Consequently, it turns out to 
be necessary to supply (25/2) + 1 counts of sequences before the simul- 
taneous equations can be solved. The extra sequence can be counted directly 
from the data, and this is in general the best way to supply it. But it is 
also possible to add one more equation to the set of simultaneous equa- 
tions: 


N 


DUCES SE NIAE UNS Nu cec [4 


where Neo; is the total number of symbols in the entire sequence minus 
(5 — 1). Use of this equation eliminates all internal checks on the correct- 


AABA 


TABLE IB 
ALTERNATIVE TABULATION Or Newman's DATA 

AAAA 21 

AAA 90 
BAAA 69 

AA 274 

ABAA 143 

BAA 184 
BBAA 41 

A 601 

AABA 155 

ABA 263 
BABA 108 

BA 327 

ABBA 56 

BBA 64 
BBBA 8 
AAAB 69 d 

AAB 184 
BAAB 15 

2 

ABAB 120 ap e 

BAB 143 
BBAB 23 

B 9 

AABB 29 Y 

ABB 64 
BABB 35 
ABBB 8 y t 

BBB 8 
BBBB o 


ness of tabulation, and so is dangerous unless there is good reason to be 
sure that all counts made from the data are correct. When tabulation is 
being done by machine, however, it may be much more convenient to make 
28/2 counts than (28/2) + 1, since sometimes the extra count may rê- 
quire as much time to make as all 2*/2 (as for example in a machine with 
16 counters when s = 5, and so there are 32 sequences to be tabulated). In 


—— 


^x 
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using Equation [4] to provide the extra count may be justified. 
complex equations based on the various different ways of adding 
ces of length s to get sequences of length s — 2, s — 3, etc., 


1 TABLE II 
— — IuacmAnY T-Maze DATA (Onty Harr tHe Taste Is Given) 
4) 6) (2) a) 
L+L+ 150 
50 ST 
L+L 300 
145 2 
L+L— 150 
5 
L+ 400 
30 
L+R+ 50 
20 
L+R 100 
30 
L+R- 50 
20 
L 80 
150 
L-L+ 190 
40 
L-L 380 
185 
L-L- 190 
5; 
L- 40 
8 
L—-R4- 10 
2 
L-R 20 
8% 
L=R= 10 


ties calculated by Newman's method: Ui=0.7220, Us 1.0000, Uj7 0.633; 
92 
ties calculated from Equation [6]: Ui=0.7220, Us=0.6333, U;— 0.5888 


written, but they do not reduce the number of sequences which 

e counted from the data any further. 
itulies at beginning and end of sequence. Any tabulation of se- 
of length s must result in a sum over all possible sequences which 
1 smaller than the total number of symbols in the sequence. Thus, 
quence AABAAB contains only 5 different sequences of length 2; 
f length 3, etc. That is why Nros was defined above as being the total 


een the tw6 ways of 
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summing shown in Table I. For instance, the sequence AABAAB contains 
2 AABs, 1 ABA, and 1 BAA. If we try to find Na, by adding N44, 
and Nap, we get 2, which is the right answer; but if we try to find 
Naa by adding N44, and Ngaa we get only 1. On the other hand, if we 
try to find N45 by adding N45, and N55, we get one short of the right 
answer, while adding N44g and Nr; gives the right answer. 

In general, when computing frequencies of occurrence of sequences by 
addition, r counts which could have been made from the data will be 
omitted if sequences of length s — r are being computed. If the method 
of addition in Table IA is used, these r counts will be the first s — 1 sym- 
bols in the total sequence; if the method of addition in Table IB is used, 
they will be the last s — 1 symbols. If the frequencies from more than one 
subject or more than one set of choices from the same subject are summed, 
then Pr elements are lost, where P is the number of different sets of data 
being included in the summation. This loss is unimportant so long as Not 
is very large relative to s, as it always is in situations where this kind 
of analysis is reasonable. 

The small discrepancies which this fact can produce between the two 
otherwise equivalent methods of summing frequencies of occurrences of 
longer sequences to find those of shorter ones are its only practical effect. 
No such discrepancies occurred in Newman's data, reproduced in Table 
TA and IB. This could be either because the same three symbols occurred 
at the beginning and at the end of his data, or because he used the device 
of tepeating the first four symbols at the end of the tape into which his 
data were punched. This avoids the discrepancies in summations, but dis- 
torts slightly the counts of the longest sequences, 

Computing uncertainties from non-binary data. Newman says, "The 
particular procedures developed here have one important limitation: they 
are applicable only to sequences of binary data.”? This statement, although 
perfectly correct when applied to the machines Newman discusses and to 
the autocorrelation computation, is not correct when applied to his method 


of computing uncertainties. The essence of his method is a subtractive 
process based on the equation 


Us = — X pCi) log pj) — (Usa +Us-2 +... +U) -.- Dl 


This equation, and therefore the subtractive procedure based on it, are 
, perfectly general, and not restricted to the binary case. 


* Newman, op. cit., 252. - *See p. 169. 


® 
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y data. A special problem arises with certain kinds of data which 
f they were binary, but really might be called bi-binary. Consider 
ze experiment. The rat may turn right (R) or left (L), and he may 
ewarded (+), or reward may be withheld (—). A set of ten trials 

represented as follows: L+L—R4+L—L+R—-L+L+L 
| Such data could be arranged as in Table II. In this form, it looks 
. (Note, however, that equations like Equation [1] do not apply.) 
certainties be calculated by Newman's method for this kind of data? 
ally there are two different kinds of binary events occurring here, 
R, and + or —. Each of these events can be predicted from prior 
ences of events, and the average uncertainty of each of these predic- 
scan be calculated. In Table II, U;, Us, and U, are uncertainties of pre- 
ing responses based on knowledge of 0, 1, and 2 previous responses 
their consequent rewards or non-tewards), while U, and U, are un- 
ties of predicting rewards or non-rewards. All of these uncertainties 
correct, and have been calculated by Newman's method. Note that U, is 
larger than U, and U, is larger than Us. This is an apparent violation of 
le that uncertainties cannot be increased by more information. The 


, is different from that being predicted in U, and U,. 
T-maze and other similar experiments, we are not usually interested 
e uncertainties of predicting rewards. Consequently, use of Newman's 
tractive procedure, although it results in correct answers, requires the 
culation of unnecessary uncertainties. In such cases, it is often simpler to 


recently, W. J. McGill has published a new and superior method of 


uncertainties, based on the equation: 
On... = Nior X Nar: oo loga Nigo 


Nise is the number of occurrences of sequence ijk. To use this method on 
in Table IA, for instance, simply calculate N loga N for each raw number 
ble. The sum of the N log: N values associated with the first column will 
Qi the sum associated with the second column will be Qj», and the sum 
issociated with the third column will be Q». Then, 
Q — Qr, where Q = log: Nior; Ur = Qr — Qn; Us = Qn — Qui ete 
method, which is applicable to any kind of data, binary of otherwise, is much 
an Newman's ethol (It is another way of applying the same subtractive 
is that it requires a tal le of N logs N values, an 

ble as yet. It is an outgrowth of ` a p 
ii it fon i manner analogous to anaiys! 

th transmitted information n. t of information and its 


Human Factors Operations 


€ 


olation is not real, however, since the event being predicted in, U, and ‘ 


© 
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calculate uncertainties directly from the fundamental formula: 


Us = —X,, Pii) logpi) ees [6] 


where P; is the probability of being in state i, and p;(j) is the probability, 
given that state 7 exists, of event j following it. Since this formula gives 
U, directly, the extra uncertainties need not be calculated. In order to use 
this formula, the method of addition shown in Table IA rather than that 
in Table IB must be followed. For all non-binary data it is essential to fol- 
low the rule that when summing, each shorter sequence must represent the 
antecedent of the last symbols in the longer sequences which were summed 
to find it. This holds true regardless of the method of calculation used. It is 
not essential for binary data only so long as Newman's subtractive pro- 
cedure is used, 

If data like these are to be tabulated by machine, they must not, of course, 
be fed into the machine in the form they take in Table II. To most such 
tabulating machines, each event must be of the same sort as the event before 
it; such machines are not equipped to distinguish between responses and 
reinforcements, This problem can easily be dealt with by coding the data in 
quaternary form. Thus, L+ might be A; L—, B; R+, C; and R-, D. 
Then the data can be counted by a machine equipped to count quaternary 
data, and subsequently can be reconverted to the bi-binary form of Table 
II. Equations for such quaternary data similar to Equation [1] for binary 
data can be written, but do not save much tabulating time, since 3/4 2* + 1 
counts must be supplied from the data before they can be solved. The same 
is true of bi-binary data, Such equations may be useful, however, as internal 
checks on the correctness of tabulation. 

. The Johns Hopkins University Warp EDWARDS 


RECURRENT IMAGES: NEW INSTANCES AND A SUMMARY 
OF THE OLDER ONES 


After a family excursion into a blackberry patch, my wife reported 
to me as she closed her eyes after retiring that she could see beautiful 
blackberries, just perfect for picking, hanging in great profusion on 
bushes. Upon closing my eyes I discovered that I too saw them. The 
images greatly impressed me for they were neither after-images in the 
usual sense nor were they memory images. The images were positive 
and appeared to be located in the eyes rather than projected. They were 


ee E 


Mia 
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"vivid; they could be seen not just imagined as in the case of memory 
: . In this respect they were like the usual after-image. Introspectively 
they appeared to be retinal phenomena. 
| The berry-picking excursion occurred during a bright sunny day about 
ight hours before we retired. My wife and I both saw idealized images; 
berries were large, purple-tinged, luscious, and profuse. In place of 
almost prohibitive brier patch, the berries hung upon open shoots ; 
they were easily accessible and all of them were ripe. During the excur- 
ion we had seen many small berries, green berries, and bird-pecked berries, 
E ut in our images not an imperfect berry appeared. The background was 
pres nt but subdued in comparison to the berries. The green leaves of 
shes were seen but greatly reduced in nümber and saturation. 
y wife reported that she had had similar images before under com- 
ble circumstances. This was my first experience but I have since 
oted the phenomenon after other berry-picking excursions which in- 
ude strawberries and blueberries as well as blackberries. Upon inquiry 
und that other psychologists have had similar experiences and that 
"were as much at a loss to explain them as I was. This sent me to the 
terature to find a description of them for surely anything as real and 
as vivid as these images must have been experienced and described. My 
arch was not very fruitful. I found Titchener's "recurrent images," and 
Warren's "delayed after-sensations, but their experiences, though similar, 
did not at first seem to be identical with mine. After communicating with 
—— Professor Dallenbach and receiving additional references from him, I am 
. Dow convinced, however, that they are. My experiences are instances of 
recurrent images. Since many psychologists are not acquainted with this 
type of imagery, a review of the descriptions of it may be of value, 
f Titchener, who is the first to mention this type of imagery, wrote of it 
in 1915 as follows: 
l after-images are sensory in character. . . - So also are the recurrent images, 
ose troublesome and haunting images to which most of us are subject at times: 
Ines that run in our head and that we cannot get ride of, the rows of figures 
obsess us after a long morning of calculation, the bright disk that keeps crop- 
EE after we have spent several hours at the microscope. . . . Not every one 
recurrent images." 


© years later, in 1917, Dallenbach reported the experience of re- 


! E, B. Titchener, A Begi y, 
» B. j eginner s Psychology, 1915, 75. 
"H. C. Warren, Sonic cnn visual after-effects, Psychol. Rev., 28, 1921, 453- 


hener, op. cit., 75 (italics are boldface in the original). 
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current visual images of a chessboard and pieces which persisted for 
several days after playing his first game of blindfold chess.* 


During this game he sat with his back to the board being used in play and, as 
an aid, gazed at a board, an objet d'art, hung on the wall in front of him, The 
"considerable mental strain” involved in keeping the game in mind as he gazed at 
the vertical board was apparently the source of the recurrent images of the board, 
Since this board had no pieces on it, the presence of them in the recurrent image 
is a bit baffling. Can imagination be the source of a recurrent image? The images 
of the pieces on the board were undifferentiated ; they were all "like a checker." 
Since he had been an enthusiastic player of draughts since childhood, these imagined 
pieces were probably tied up with images of his early experiences. It is not clear, 
however, what proportion of the rich imagery reported in this study should be 
classified as recurrent imagery but certainly some of it must be, 


In 1921, Warren reported some unusual visual after-effects that he had 
experienced. Althoughesome of his experiences were definitely recurrent 
images, he made no reference to Titchener nor to Dallenbach. 


During World War I, it was Warren's custom to trace, just before retiring, the 
day's progress in various parts of the battle front on a large wall map. The room 
was dark except for a movable electric light which intensely illuminated different 
parts of the map as he shifted the lamp. On several occasions he noticed after going 
to bed and closing his eyes that he experienced vivid, positive images “which bore 
considerable likeness to tracings on the map.” Another experience, alike in kind, 
occurred after he had studied with a microscope three slides of the brain, After 
about 15 min. of sleep he awoke and upon again closing his eyes he saw a disk of 
light comparable to the field of the microscope and little black dots resembling the 
nerve cells. His images of the printed page and of cards after seeing them under 
bright illumination and retiring are also cases in point. None of these images (of 
the map, microscopic slides, printed page, or cards) were stationary; they changed 
and moved about very much as the sensations did in perception. Pegarding these 
phenomena, Warren wrote, “I wish to emphasize strongly the definiteness of the 
figures P. their motion, and the fact that they appeared unmistakably of retinal 
origin." 


In 1924, Dallenbach reported two instances of recurrent images which 


he experienced as the result of a 400-mile automobile trip.5 One a new 
type, was kinesthetic, and the other was visual. 


Because the trip extended late into the night, he retired immediately at its con 
clusion only to discover that “the movement of the car was retained in kinesthetic 
imagery and was transferred in perception to the bed upon which I lay.” His 


à “a K. M. Dallenbach, Blindfold chess: The single game, Studies in Psychology, 
Titchener Commemorative Volume, 1917, 214-230. 
; Warren, op. cit., 455 (italics his). 
Dallenbach, Recurrent images, this JOURNAL, 15, 1924, 155, 
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travelling companions reported like experiences, Though these kinesthetic after- 
images had never before been reported, he was of the opinion that they were com- 
mon, being like those experienced by voyagers when they step ashore after a long 
trip at sea. 

He alone among those taking the automobile trip reported visual after-effects. 
Regarding them, he wrote: 

"D... experienced visual after-images of movement which were projected upon 
the field of my closed eyes or, with open eyes, within the darkness of the bed-room. 
The movement was toward me, a positive duplication of the perceptions aroused 
from watching the roadway. During the entire time of driving [he drove the entire 
distance] I kept my eyes fixedly upon the road directly ahead of the car. . . . Stimu- 
lation was constant and of long duration; it was also intense, particularly during 
the last half of the trip which was made under the illumination of strong head- 
lights." 

In 1929, Goodman and Downey published a laboratory study of the 
images of spectacle rims frequently observed by one of them (Goodman).* 
Though these authors did not classify Goodman's images, his experiences 
have all of the earmarks of the recurrent images mentioned above. Good- 
man described the images and the conditions under which they occurred 


as follows: 


"I have worn glasses for eleven years. . ... 1 wear them usually all day. . . . The 
present pair, with heavy black frames, have been worn for a year and a half. When 
light conditions are right and the glasses are off, an image of about an inch of the 
bows and the upper outside half and the lower outside quarter of the rims appears." 

Writing in the third person, the account continues: "An image of spectacle rims 
. .. always appears when the spectacles are off and the illumination is reduced to a 
minimum. . . . This image is so extraordinarily like the perceptual experience that 
the observer has at times been deceived into thinking he was wearing his glasses 
when they were off. The failure to confirm his visual experience by a tactual one 
when he raises his hand gives him a feeling of bewilderment.” 

Goodman asd Downey gave no explanation of these images nor did they attempt 
to classify them, but they did demonstrate by tests that they were not positive after- 
images, 


If Jaensch’s classification of the images into three types:? after-images, 
cidetic images, and memory images is accepted, the recurrent images 
described here would have to be classed as eidetic images. They are, 
however, very different from the eidetic images described by Jaensch. 
The conditions for their stimulation are not the same. According to 
CNN RN UA E DIEN oA e e 

"Dr. Helen M. Richardson, in a personal communication, reported similar ex- 
petiences after a long drive through winding roads. On going to bed she saw 
signs coming toward her which she had carefully observed during the trip. 

G. J. Goodman and J. E. Downey, An image of spectacle rims, this JOURNAL, 


41, 1929, 498-502. 
E. R. Jaensch, Eidetic Imagery, 1930, 1-30. 
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Jaensch, the eidetic images can be seen after a brief stimulation, Recurrent 
images, contrariwise, occur only after long and intense stimulation. Again, 
such evidence as we have seems to indicate that recurrent images are 
located in the retina; eidetic images are projected into the environment, 
Recurrent images tend to occur only with eyes closed or in very dim 
light; eidetic images can be seen with eyes open in broad daylight. 

We have the choice then of breaking up the eidetic image into two 
types: recurrent images and visualizations; or of limiting eidetic images 
to visualizations and regarding recurrent images as an additional type. 
In either case positive images would consist of four types, varying from 
the usual retinal positive after-image, through recurrent images, visualiza- 
tions or eidetic images, to the cortical memory images. It would probably 
be a hopeless task to attempt to divide these phenomena into rigidly 
independent categories at our present state of knowledge of them. 

New Jersey College for Women NELSON G. HANAWALT 


ATTRACTION’ IN FIGURAL AFTER-EFFECTS 


Generally speaking, the figural after-effect is characterized by a perceptual 
shift of some part of the test-figure away from the area previously occupied 
by the inspection-figure; thus, the inspection-figure seems to ‘repel’ the 
test-figure.t Occasionally, however, the shift is in the opposite direction, 
and some part of the T-figure moves toward the region of the I-figure; in 
this case, the I-figure seems to ‘attract’ the T-figure. 

The attraction-effect is clearly described in Köhler and Wallach's well- 
known monograph,? as well as in Kóhler's earlier Dynamics in Psychology 


.' Wolfgang Köhler and Hans Wallach, Figural after-effects: An investigation of 
visual rocesses, Proc, Amer. Philos. Soc., 88, 1944, 269-357, esp. 292. 

„, Ibid, 296-297. The actual statement is this: "If the I-object is an oblong, and 
if two iat are shown within the affected area the distance between these 
Squares is shortened. On the other hand, if with the same L-object the T-objects are 
shown at a small distance, one above and the other below the oblong, their distance 
will be greater than the physically equal distance of two T-objects in an unaffected 


[Italics added ; at this point in the original there appears a cross-reference to Kóhler's 

Dynamics in P. 11 ology, 1940, 99, where there is detailed and diagrammed a similar 

demonstration. É, 

lie in the direction of decreased distance between the T-objects when inspection has 
> been sufficiently long. But with an I-square of tonsidrablé size it will be more 

di le, rur pane result unless the inspection period is very long indeed. 
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A recent discussion of the theory of figural after-effects has, nevertheless, 
brought forth a denial of the existence of the attraction-phenomenon.* It 
"therefore seems appropriate to report some observations which seem to 
" demonstrate the reality of the effect. 

"The new evidence is much like that presented by Kóhler and Wallach, As 
shown in Figure 14, the test-figure consisted of two Yg-in. squares (T), 


- each 1⁄4 in. to the right of the fixation-point; one square lay 34g in. above 


Fic. 1. DEMONSTRATIONS PRODUCING THE ATTRACTION-EFFECT 


"the level of the fixation-point, the other 34 in. below. The inspection- 
— figure was an oblong, 14 in. vertically by 1⁄4 in. horizontally, set either 
above or below the fixation-point (I or I’, Fig. 1A). The T-figure was 
—— always displayed 12 in. from O. The I-figure was sometimes displayed at 
12 in, but usually it was represented by an exactly four-fold enlargement 
Set at 48 in., providing an optically equivalent situation. Inspection was 
monocular, apd of 10-min. duration. A head-rest was provided ; illumina- 
tion was even; and the experimental room was isolated, light-proof, and 
painted flat black. The Os were seven male graduate-students. Six of them 
teported some after-effect; in all cases it involved movement of the critical 
T-square toward the area occupied by the inspection-figure. Generally the 
effect was small, but in one instance it was reportedly quite striking. 
Somewhat different figures give, at least for the writer, similar move- 
- ments of T-contours toward I-contours, Fig. 1B, for instance, shows a T- 
jute consisting of two horizontally tangential circles, the fixation-point 
being at the point of tangency; using either of the smaller circles (I or I') 


* Charles E. Osgood and Albert W. Heyer, Jr, A new interpretation of figural 


| aherffets, Poyo Kendon Smith, The statistical th 

» Psychol. Rev., 59, 1952, 98-118; Kendon Smith, e statistical theory 

Of the figural after-effect, ibid, 59, 1952, 401-402; Osgood, Kendon Smith's com- 
ments on A new interpretation of figural after-effects, ibid., 60, 1953, 211-212. 
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‘as an inspection-figure, and employing a 10-min. inspection-period, one 
sees shrinkage in the enclosing T circle. The demonstration is made 
somewhat more striking if the circles are replaced by squares, as in Fig, 
1C; here, one may expect shrinkage in the affected T-square—and shrink- 
age which is quite discrete, so that now the T-figure seems to consist of 
two nonequivalent squares in abutment. 

Pennsylvania State University KENDON SMITH 


THE 1953 MEETING OF SECTION I, AAAS 


Programs sponsored or co-sponsored by Section I of the AAAS at the 
annual meeting in Boston, December 27-30, consisted of two general ses- 
sions of short, submitted papers and five symposia. One symposium or- 
ganized by Burton S. Rosner included six invited papers dealing with the 
social behavior of animàls and men, The speakers surveyed evidence per- 
taining to insects, lower vertebrates, sub-primate mammals, non-human, 
primates and man. 

A second symposium on brain function was arranged by Walter Rosen- 
blyth. The five papers dealt with effects of anesthesia on evoked potentials, 
relations between the nervous system and the adrenal cortex, functions of 
the inferior temporal cortex in visual discrimination, and effects of brain 
injuries in human beings. E. B. Newman organized a symposium of six 
papers on sensory processes. Topics covered included brightness contrast 
in pigeons, vibratory sensation in the skin as a basis for communication, 
a neurophysiological model for olfactory discrimination, scaling procedures 
for loudness and brightness (two speakers), and a discussion of the inter- 
pretation of neurological models for psychophysical phenomena. 

A series of four invited papers on human engineering and information 
theory was arranged by Leonard C, Mead. These papers were concerned 
with information theory as a model of the organism, as related to visual 
displays, as related to display-control relationships, and as it pertains to 
man-machine systems, 

In cooperation with Section H (Anthropology), Section I sponsored 
eleven invited papers treating primate evolution and behavior. Tlie first 
session consisted of eight papers dealing with evidence concerning evolu- 
tion of primates, including man. The three papers of the second session 
dealt with grouping behavior of non-human primates, mental evolution in 
primates, and the cultural capacity of the chimpanzee. 

Together with the Committee for the Study of Animal Societies under 
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ral Conditions, the American Zoological Society, and the Ecological 
xdety of America, Section I shared the responsibility for a program of 
bmitted papers dealing with a variety of subjects ranging from factors 
ntrolling ovulation in barn swallows to the experimental and hormonal 
“control of sexual behavior in male cats. 

The remaining open session of submitted papers also dealt with a number 
‘different subjects including investigations of the Rorschach Test, activity 
vels of young chimpanzees and human psychotics, emotion and coronary 
e, and physiological damage resulting from emotional stress. 

The Vice-Presidential Address delivered by Frank A. Beach was en- 
tled, "Development of the individual from conception to conceptualiza- 
~ Donald Lindsley was elected Vice-President of the Section for 1954, and 
R. Licklider was elected Member-at-Large to the Council, to serve for 
three years, 

C Yale University FRANK A, BEACH 


SIXTY-FIRST ANNUAL MEETING OF THE AMERICAN 
PSYCHOLOGICAL ASSOCIATION 


7 The sixty-first annual meeting of the American Psychological Associa- 
tion was held in Cleveland, Ohio, September 4 to 9, 1953. The attend- 
ance was over 4,000, and 383 research papers, 76 symposia and discussion 
Oups, plus numerous addresses, business meeting, and various informal 
erings were scheduled, Almost all sessions were sponsored by the APA's 
nteen divisions and thus reflected the various specialized interests of 
ichologists. 

"The annual presidential address was delivered by Laurance F. Shaffer. 
atitled "Of whose reality I cannot doubt,” the address reported the 
ts of a study designed to test the hypothesis that psychologists’ ap- 
ches to psychological phenomena are determined by their perception of 
ality, and that their perceptions are, in turn, determined by their own 


—— Gardner Murphy, as recipient of the Kurt Lewin Memorial Award pre- 
nted by the Society for the Psychological Study of Social Issues—A Divi- 
on of the APA, spoke on “Human potentialities.” In a speech sponsored 
the Conference of State Psychological Associations, David W. Louisell, 
ofessor of law at the University of Minnesota, discussed "The psycholo- 
Bist in the legal world." OF significance to the development of psychology 
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as a profession was the adoption, as official Association policy, of a set of 
principles formulated by the Ad Hoc Committee on Relations with Other 
Professions. 

It was announced that E. Lowell Kelly was elected president-elect for 
the ensuing year. The 1954 convention will be held in New York City 
on September 3 to 8. 

Washington, D. C. FILLMORE H. SANFORD 


TWELFTH ANNUAL MEETING OF THE CANADIAN 
PSYCHOLOGICAL ASSOCIATION 


The Canadian Psychological Association held its twelfth Annual Meeting 
at Queen’s University, Kingston, Ontario, May 28-30, 1953. Approxi- 
mately 200 members were present, and 41 scientific papers were read. Three 
symposia were held on the topics, “Graduate training in psychology,” ""Com- 
parative psychology," and "Research methodology in social psychology.” An 
invited address was given by Edwin C. Boring of Harvard University on, 
“Psychology: whence, where, and even whether.” The Presidential address 
was given by D. O. Hebb on the topic, "On human thought.” Entertainment 
was provided through the courtesy of Queen's University. 

The officers for the coming year are: Honorary President, William Line; 
President, D. C. Williams; Past President, D. O. Hebb; President-Elect, 
Father Noël Mailloux; and Secretary-Treasurer, George A. Ferguson. 

The thirteenth Annual Meeting of the Association will be held in Mon- 
treal on June 5-6, 1954, immediately prior to the fourteenth International 
Congress of Psychology which is being held in Montreal, June 7-12, 1954. 

McGill University GEORGE A. FERGUSON 


ERRATA 


The footnotes on PP- 311 and 312 of the April 1953 issue (Vol. 66, 
No. 2), both of which are numbered 1, were mistakenly interchanged in 
make-ready. The footnote on Pp. 311 belongs on p. 312 and the one on 
p. 312 on p. 311. K.M.D. 


n€———— —— 


Harry Miles Johnson: 1885-1953 


— Hary Miles Johnson was born in Nelson, Missouri, on May 16, 1885, 
and died in New Orleans on August 16, 1955. He attended what ele- 
mentary and high schools were available in a rural Missouri district, and 
in 1909 received his A.B. degree, magna cum laude, from Missouri Valley 

) College at Marshall, Missouri. He entered the graduate school at Johns 

Hopkins to prepare for the ministry, but shifted to the Department of 

3 Psychology where he worked with Knight Dunlap, H. S. Jennings, A. O. 

"Lovejoy, and John B. Watson. He wrote his dissertation, under Watson’s 

v direction, on Audition and Habit-Formation in the Dog and published 

j it as Behavior Monograph No. 8, in-1913. In a list of his ‘teachers’ he 

Ow included Percy Cobb, J. E. Coover, and Harvey Carr, although he had no 

i - formal courses with any of them. Some of the graduate students of his 

| day were English Bagby, Buford Johnson, Curt P. Richter, G. R. Wells, 

t and Karl Lashley. He received his Ph.D. in 1912. 

In association with Percy Cobb and others, mostly physicists, he worked 
"às psychologist on problems of vision at the Nela Research Laboratory from 
1912 to 1918. During these and a few following years he published nine 
articles on his work in animal vision, six articles on problems of human 
‘Vision, and contributed a chapter, The Sense of Vision, to Watson’s second 
edition of Psychology from the Standpoint of a Behaviorist. 

From January 1918 until July 1920, during World War I, he was a 
Lieutenant and Captain in the Sanitary Corps and later the Chief of the 
Psychology Section in the Air Service Medical Research Laboratory, where 
his work was primarily concerned with the effects of oxygen deprivation. 
Scattered through the following years he published five articles on problems 
[ related to aviation. 

| For a year (1920-1921) he was Consultant on factory lighting in the 

ngineering Department of the B. F. Goodrich Company. He published 
two articles on reaction-time and one on attention. From 1921 until 1923 
he was Professional Lecturer in Psychology at the University of Minnesota, 
and from 1923 to 1925 he was Assistant Professor of Psychology at Ohio 
State University. 

From 1925 until 1932 Johnson was Senior Fellow and Head of the 
(Simmons) Investigation of Sleep at Mellon Institute in Pittsburgh. He 
Was deeply interested in this work as an opportunity to apply psycho- 
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logical principles and methods to concrete problems in industry. During 
this time he contributed a chapter on sleep to W, L. Valentine's Readings 
in Experimental Psychology, issued one private printing on Bodily Posi. 
tions in Restful Sleep, gave two radio addresses on the subject and pub. 
lished ten articles and four reviews on the subject of sleep. He maintained 
his interest in this subject and wrote occasional reviews of articles on sleep 
until 1938, 

From 1931 to 1936, overlapping the Simmons investigation by a year, he 
was Professor and Head of the Department of Psychology and Education 
at the American University in Washington, D.C., and in these years he 
taught in three summer sessions at the University of Virginia. During this 
time he showed a great interest in testing and statistical methods that lasted 
through the rest of his life for he published eleven articles and reviews 
on these subjects. From 1936 until 1938 he was Research Associate on the 
Highway Research Board of the National Research Council, in charge of a 
study of human causes of highway accidents. With a staff of some 75 per 
Sons, accident records of over 29,500 Connecticut automobile drivers were 
studied, Beside his official reports he wrote four articles, and reviewed two, 
on accident proneness. 

In 1938 Johnson went to Tulane University as Professor and Head of 
the Department of Psychology and in 1948 was made John Madison 
Fletcher Research Professor. In 1947 he was awarded an honorary LL.D. 
degree by his alma mater, Missouri Valley College. Before his coming to 
Tulane there had never been a psychological laboratory there, and no 
work at the graduate level was offered in the psychology department. John- 
son took great pride in, and derived much pleasure from, the establishment 
of a laboratory and the initiation of graduate work, The new laboratory 
was located in an attic, an old story to many of the older generation of 
Psychologists in this country. It has been twice moved and enlarged and 
still is temporarily housed, but it is now permanently established at Tulane. 
During his years at Tulane he published twenty articles, about half of 
which were on tests and statistical methods, During World War II he spent 
part time for five years on the problems of selecting and training aircraft 
personnel. He retired from the faculty of Tulane in 1950 at the age of 
65 years, but for another year he had an office on the campus, directed a 
project for the armed forces and did some consulting work. 

Dr. Johnson was a member at large of the National Research Council 
from 1926 until 1929 and from 1937 until 1938, Vice-Chairman of the 
Division of Anthropology and Psychology in 1937-1938, member of the 
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Board of Appointments to post-doctoral N.R.C. fellowships in the Bio- 
logical Sciences in 1930-1935, Chairman of the Committee on the Psychol- 
ogy of the Highway in 1934-1938, executive member of the Committee 
on the Selection and Training of Aircraft Pilots in 1939-1946. He was 
a fellow of the A.A.A.S., American Psychological Association, National 
Institute of Psychology, Society of Experimental Psychologists and the 
American Association for Applied Psychology. He was a member of the 
American Statistical Association and the Southern Society for Philosophy 
and Psychology in 1913-1919 and after 1926, a member of its council in 
1930-1933 and in 1936-1937, and its president in 1931-1932. He has been 
a coóperating editor of this JOURNAL since 1940, 

Perhaps his greatest contribution to psychology arose from his close 
association with individual colleagues and students, his insistance upon 
clear thinking and a real purpose in work, Although he maintained an 
interest in many subjects, especially in symbolic logic (in which he had 
worked out a system before there was an available text on the subject), he 
never wavered in his interest in experimental psychology. His concern in 
other subjects was secondary and his knowledge of them was brought to 
bear upon psychological problems whenever applicable. He was impatient 
of experimenting just for the sake of experimenting, and he vigorously dis- 
approved hypocrisy, loose thinking and mental laziness. He once said: "My 
main delight is association with intelligent people; my chief aversion is 
people who live on buncombe, whether by manufacturing it for others or by 
using it for food." 

Harty Johnson’s father was a Missouri farmer for whom he had great 
admiration and respect as well as affection. He valued highly his father's 
ability to think®straight in spite of his having had little formal education. 
His mother was deeply religious and it was due to her influence and her 
ambition for Harry that he entered Johns Hopkins to study for the ministry. 
He gave it up for psychology after he had entered, but in many ways he 
remained oddly puritanical and orthodox throughout his life. Some seven 
or eight years. ago he joined the Episcopal Church and became, and re- 
mained, an active worker at the cathedral in New Orleans. With the passing 
of Harry Johnson, psychology loses one of its most colorful advocates, and 
one of its few remaining strong ties with philosophy. 

University of Virginia Jonn PAUL NAFE 
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Edited by M. E. BrrrERMAN, University of Texas 


[New Means of Studying Color Blindness and Normal Foveal Color Vision: With 
‘ome Results and Their Genetical Implications. By Gorpon L, WALLS and RAVENNA 
W. Matuews. Berkeley and Los Angeles, University of California Publications in 
Psychology, Vol. 7, No. 1, 1952. Pp. iv, 172. : 

Under a somewhat misleading title, this heady and contentious dissertation pro- 
poses a novel version of the entoptic shadow pattern known as “Maxwell's Spot,” 
replacing macular pigment with a suppositious mosaic of foveal red and blue re- 
ceptors as the explanatory principle. Ignoring as it does the refinements of technique 
and the backlog of demonstrated color facts of psychological science, the study falls 
rather within the confines of optometry. Since, however, its labyrinthine argument 
turns up points in retinal histology and photochemistry of moment in the simplest 
color observation and as yet inadequately explored or recognized, it merits at least 
passing attention, however one assesses the value of its "new means of study." 

Among the problematic issues raised are the size and contours of the fovea (the 
spot of clearest vision), of the rod-free area, and of the macula lutea (the central 
retinal field impregnated with a yellow pigment variously identified as a lutein, a 
carotenoid, or a derivative of visual purple, the absorption curve of which is com- 
monly held to account for irregularities in color matches, and the failure of cases 
of deviate color vision to run true to form). Other points of theoretical and practical 
interest arising are: the precise color temperature of white light, whether 5000°, 
6700°, or 7500? Kelvin; visual acuity under different monochromatic illuminations; 
the peculiar heredity of minor deviations from normal color vision, and the pos- 
sible intergrading with each other or with normality of the. recognized variants; 
finally, the size and pattern of Maxwell's spot, briefly visible nnder short-wave 
stimulation of the foveal area, and currently assumed to represent the filtering effect 
of a film of macular pigment, which, by absorbing some of the short-wave radiations, 
protects the cone receptors in brilliant sunlight and at the same time increases visual 
acuity (by reducing chromatic aberration), 

The investigators cited range from Buzzi (1782) and Soemmering (circa 1800), 
through Miiller and Helmholtz, Sachs (1891), Von Kries (1897), Greeff (1900), 
Gullstrand (1905), Holm (1922), Wald (1945), Miles (1947-49), to Ségal and 
Hartridge (1951). In the discussion over a minute blue-blind (or tetartanopic) point 
in the fovea, the names of König, Willmer (1949) and Wright enter. In genetics, 
Trendelenburg, Pickford and others are quoted. But while the authors figure as 
industrious collaters of source-literature, their reports are to be read with caution. 
They have an axe to grind—the ineffectiveness of macular absorption to alter color 
perception (see pages 21 and 82 where macular pigment is termed "the little mother 
of all discrepancies" and its indiscriminate use by theorists held up to scorn). The 
main objective of this study is, in fact, the launching of a substitute proposal, which 
seeks to explain the phantom Maxwell pattern and other matters in terms of non- 
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uniform distribution of red, green, and blue receptors in the central retinal area, 
in both normal and protanopic eyes. Promotion of this idea, suggested doubtless 
by Walls’ studies of the mosaic retinae of lower animals (see The Vertebrate Eye, 


: 1942), has a secondary aim—cutting away the ground from under four-color theor- 


ists, who, as Walls mistakenly believes, are entirely dependent on yellow pigmenta- 
lion to solve the enigma of protanopia, its divergence from deuteranopia, and the 
idiosyncrasies of both types. (The use in theory of macular pigment, by the way, 
stems not from Hering but from Maxwell.) 

Tenacious adherents of the old Thomas Young hypothesis of triune hue receptors 
(with minor modifications), the authors are set to go any length to sustain it. 
Masters of argumentative chiaroscura, they skilfully highlight favorable points in 
the literature, and shadow others, e.g. Hecht's neutral-point data, and Ahlenstiel's 
Maxwell-spot studies. Curious gaps appear in the citation of authorities; e.g, in 
discussing the topography of the fovea (really a peculiar pit) and the inner neural 
layers of the retina, all reference to Polyak's monumental work of 1941 is omitted, 
and though the 9-page bibliography (pp. 164-172) lists 124 authors, his name is 
missing. Further, though the only photo-sensitive or selectively absorbent pigment 
(apart from the macular) so far demonstrated in the human retina is rhodopsin 
(with porphyropsin and iodopsin in the infra-human), and though Sheppard's 
article of 1945 on variable dyes, and Ségal's of 1951, foreshadowing his Méchanisme 
de la Vision des Couleurs of 1953, are listed, photochemical variation of rhodopsin 
is summarily dismissed as having a possible bearing on deviating types of color 
Vision, Instead, the mythical photochemical pigments of trichromatic tradition— 
Ted. green-, and blue-sensitive—are used, variable in amount only, to sustain the 
weight of the research in hand, explain both normal and anormal color perceptions, 
and the presence or absence of the elusive ‘Maxwell's spot.’ 

Prefatory to the experimental record, 59 pages are devoted to exposition of the 
4 priori premises and general frame of reference of the study, along with the unique 
Phraseology and catchwords to be employed—pro-sensation, intensitivity, chromatic- 
Ness, anomal, the excess, loss, and collapse hypotheses, and the RDP. Normal color 
vision, Big Four color blindness, the excess hypothesis, genetics of color blindness, 
Maxwell's Spot €24 pages), and receptor type distribution (RDP) are section cap- 
tions. The critical area for color perception, we learn, is in the retina, not the cortex, 
and the cones are pretty surely the media of differentiation. (This emphasis, which 
May conceal a fling at Miiller, ignores Polyak’s and Houstoun’s suggestions that the 
Synaptic layers of the retina may be the selective ones, as well as Klüver's vote for 
the geniculate-striate area, In the final effort to dispose of ‘peculiar cases,’ however, 
We shall find Walls weakening, in favor of a central as well as a retinal protanopia.) 

While cones are red-, green-, and blue-sensitive, each equipped with one of the 
three selective pigments or color filters, yellow is merely a synthetic quality, like 
Wetness, shaving no cone of its own. (Here the findings of Hartridge and Motokawa 
With punctiform or electric stimulation go unnoticed; while Hurvich and Jameson's 
tefutation of Hecht's faulty technique and logic in proclaiming ‘binocular fusion’ 
of yellow as cortical, hence a valid stanchion of Helmholtz’ theory, is summarily 
dismissed, ) A bluish yellow is inconceivable—though why remains a mystery (except 
to the opponents or four-color theory). White is neither a synthetic quality (the 
Sum of three hues), nor has it a specific cone, nor is it a summation of the specific 
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brightnesses of colors, White is simply an excess-phenomenon, existing by default 
a notion only mistily elucidated, but useful to account for the Persistence of white 
in dichromatic vision without either coloration or loss of intensity supervening, 

The handling of the Big Four of deviate color vision, the dichromatic protanope 
and deuteranope, and the trichromatic protanomalous and deuteranomalous, is in 
part eclectic, in part sui generis, Protanopia, marked by long-wave depression of 
luminosity and a relatively short-wave neutral point, is a “loss” phenomenon, with 
the red receptors entirely missing and color perception limited to blues and greens, 
The O's notion that he sees yellows (supported by the testimony of Dr. Pole and 
mis-diagnosed unilateral cases, e.g. Von Hippel’s Goldenberg) is illusory—though 
on page 87 the protanope's conviction that he sees blues is declared irrefutable, 
Deuteranopia (the green-blindness of Von Kries and the older literature), with 
the spectral location of its luminosity curve practically normal, and its neutral point. 
nearer 500 mp, is not a "loss" but a “collapse” phenomenon—an idea first sug. 
gested by Fick back in the 1870's, an admission of the fact that ‘red’ and ‘green’ 
blindness ate not parallel cases. Briefly, the red and green curves collapse on each 
other, the two sets of receptors lose their identity, become sensitized to a wider 
range of wavelengths—and the result is perceived as yellow. This “collapse” might 
be due to a change in photochemical composition, equivalent to the genesis of a 
yellow cone, hence reminiscent of Ladd-Franklin's evolutionary view. The latter, 
however, is declared "zoologically repugnant,” and Walls finally settles on the 
notion that each cone stocks both red- and Breen-sensitive pigment, unchanged but in 
varying proportions—a decision useful later in explaining anomalous trichromates 
and their intergrading with normal-visioned, The hues seen by deuteranopes are of 
course blue and yellow. White is not reduced in brightness in either type of 
dichromate, as Hecht's and Hsia's faulty technique would seem to indicate. 

In "anomals," saturation is Breatly depressed throughout the spectrum, and 
chromatic adaptation rapid, according to Wieland and Chapanis, The anomaloscope 
equation—the red-green mixture necessary to match yellow—distinguishes them, à 
high proportion of green marking the deuteranomalous, of red, the proranomalous, 
The first, after much discussion, is classed with deuteranopia, as an example of 
“collapse,” with degrees of “substitution” instead of slight diff&entiations of pig- 
ment as the explanatory principle. As to its intergrading with deuteranopia or not- 
mality, opinions differ, but at least two degrees, mild and severe, of deuteranomaly 
on its way to dichromatism, are accepted by geneticists (p. 13). As to protanomaly, 
its occurrence in a continuum of grades between normality and dichromatism (pro- 
tanopia) is probable, according to Trendelenburg. Pitt's views are found inadequate; 
Pickford's impossible (p. 15). (Incidentally, Walls’ chromatic sensitivity curves 
(p. 2) are admittedly fictitious, showing the red and green curves nearly coinciding 
in the normal, so that the collapse of the green curve on the red is not difficult to 
figure—though variable views as to its cause or nature crop up throughout the text. 
Obviously, the quantitative terms in which the "loss" and “collapse” hypotheses 
are framed—even while ruling out quantitative changes in the photochemical mole- 
cule—favor the admission of intermediate grades between dichromatism and nor- 
mality, though failing to explain why deuteranomaly will be found to outnumber 
all other types in the ratio of 5 to 8.) 

Turning to the “excess hypothesis” (a view similar to Szekeres’ of 1948 and 
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of 1948-49), Walls argues for the whiteness of the dichromat's white, 
imony of unilateral cases (earlier questioned), and his own belief that 
late, from his scotopic experience, knows what ‘white’ means to a 
existence of a neutral point in dichromatic vision is accepted, ex- 
the crossing of two hue curves (an idea borrowed from the opponents 
Reluctant admission is made that “huedness and brightness are to some 
lependently manipulable.”” 
page discussion of the genetics of color blindness, the framework of genes, 
and multiple alleles (with possible mutation) is invoked to account for 
ous cases and their intergrading with normals, and to establish separate loci 
romosome for deuteranopia and protanopia (the latter point aimed espe- 
the proposition that ‘protanopia’ may be only a variant of deuteranopia, 
jants being red-green blind, but with an added scoterythrous factor in the 
pic, producing a shortening in the red, or a shift of the entire visible spectrum 
the short-wave region). Secondly, the older view that color deficiency is 
linked, and that the daughter of a dichromat is a heterozygote, a ‘cartier’ 
lly the mother of dichromats, but herself normal-visioned, is replaced 
leischer's discovery in 1920 that she may be color-weak, or an anomal, or 
arkening if not dimming in the red. 
ell's spot gets the lead in pages 27-51. Here the above-noted lack of agree- 
ong research workers and authorities as to the absorption curve and distribu- 
macular pigment and the size of the rod-free fovea (readily understandable 
of the difficulty of postmortem examination, and the fact demonstrated by 
“that the fovea is actually a small crater, with cones gradually slimming and 
ning from margin to centre until they resemble rods) is used to clear the 
| for Walls’ unique decision later that a 3° area (coterminous with the ‘clear- 
is Maxwell pattern) is pigment-free, while a 33’ center (the foveola?) is 
S the rod-free fovea, As for macular pigment, its use by Sloan and Judd 
odd unilateral cases (1948), or by Holm (1922) and Miles (1947-49) 
lain decrease of blue in a Maxwell pattern viewed through a violet or purple 
‘filter, is discredited, Varying photochemical concentrations in receptors, or 
rm distibution of the three type-cones are pronounced superior principles 
ion, Though rejecting Gullstrand's view of macular yellow as a post- 
| artifact, and of the halo and central dot of the Maxwell pattern as purely 
effects, Walls holds pigment concentration in the central thinned-out retinal 
absent or ineffectual (tossing into the discard his statement of 1942 in 
‘hanisms that in primates the yellow pigment envelops and includes the 
lefinitely utilitarian device to sharpen vision, akin to the yellow oil drops 
d). Curiously, the fact is ignored that any reader can demonstrate for 
ithout benefit of apparatus, the macular pigment and Maxwell's spot. 
ible, when projected on a white ground by a momentarily dark-adapted 
yellowish disk with central dot, clearing, and shadowy halo, the whole 
3-7° by a simple calculation. Similarly, the fovea, mapped by letter-span 
Printed page, shows Walls’ 33' choice (based on old 1907 data) far too 
| Polyak’s 1° 40' finding seems to fit the facts closer. 
sPtor-tybe distribution (pp. 51-59) disposes of Hechts fruitless 20-year 
through the study of acuity and luminosity, to shore up the trichromatic 
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theory, support the thesis of equal numbers and uniform distribution of the three 
type-cones, and read off both deutans and Protans as cases of "loss." Hecht's brief 
for lowered luminosity in all dichromats is rejected as unsound though his demon- 
stration of subnormal acuity of protans in red light, with compensatory heightening 
in blue, is accepted (as likely to prove useful later). Hartridge's views on random 
distribution and ‘cluster’ grouping of receptors also are questioned, as lacking con- 
firmation. 

On the other hand, the Kénig-Willmer-Wright contention for a minute blue-blind 
foveocentral area, seconded by Stiles’ charting of thresholds across the fovea with 
10' monochromatic lights, plays directly into Walls’ hand. As histologist and 
geneticist he speaks out for a “rigidly planned," non-random and non-uniform dis- 
tribution of receptor types, with red cones predominating in the normal fovea and 
replaced by blue ones in the protanope. (No reason for this partiality to blue in "the 
central planning committee," usually designated in anthropomorphic terms, is ad- 
vanced. Nor is there any reference to the long current view of "planned" distribu- 
tion in the paracentral area, where a red-green-blind (or weak) zone merges into 
an outer achromatic one.) 

The ways are now cleared for the direct observation of the fleeting entoptic 
phenomenon known for its discoverer as Maxwell's spot, but here rechristened RDP 
(receptor distribution pattern), A unique red-purple dichromic Wratten filter, No. 
2389 (recommended by Miles), the absorption curve for which is described only, is 
chosen in place of the blue or violet light of earlier observers. All but one of the 
64 color-normal Os (14 of whom were women) reported the phantom pattern as 
some variant of a reddish smudge or cloud, with or without a central redder or 
darker dot, in a ‘clearing’ surrounded by a halo, the whole subtending 3 or more 
degrees on the retina. Variants of the pattern were classified into Types I-VI (sur- 
mised as possibly running in families), with 17 showing no differentiation of dot 
and clearing. Discarding all earlier interpretations, Walls deduces a high concentra- 
tion of red receptors in the center of the retina, and turns to the protanopic or red- 
blind, as presumably lacking all receptors of this type, for negative confirmation. 

To single out protans (Farnsworth's term) for this purpose, three measures wete 
adopted: (1) the ratio of red to green required to match yellow iria filter anomalo- 
scope; (2) the luminosity (in terms of a voltage-reading only) of red and of blue 
filtered light in relation to a standard green; and (3) the wavelength of the neutral 
point as calculated from the ratio of Munsell blue to green needed to match gray 
on a rotating disk. Results and tables of scores are incompletely or inadequately 
presented; but though the arrays are practically continuous (except for red luminos- 
ity scores) the group of 35 anormals who volunteered was divided, quite satis- 
factorily to the experimenters, into 19 protanopes and 16 deuteranopes (a reversal 
of the ratio usual in non-selected groups). Thirteen of the protans reported a blue 
RDP, while only one of the deutans saw anything on the screen at all, Walls accepts 
this outcome as proof that the red receptors, overnumerous in the normal fovea, 
are replaced in the protan by blue ones, which simply crowd in or are directed by 
an embryonic "planning" agency. Absence of a deutan RDP is juggled into proof 
that this defect is a “collapse” phenomenon, leaving no guiding clues to the em- 
bryonic "planner." Failure of the deutan to report a patterned yellow smudge may 
be due to viewing conditions and the mazda source. Neither here nor in the earlier 
RDP observations were precautions taken apparently as to neutral preadaptation, or 
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eliminary training in color naming, though yellowish light is commonly confused 
ith white, and violet and purple are terms notoriously interchanged by the uninitiate. 
lor was any guard set (except in one test) against chromatic aberration, which 
veremphasizes red in the near-sighted, blue in the far-sighted.) 
"Deuteranomalous and protanomalous cases, distinguished from dichromats by lack 
f a neutral point, are next discussed (pp. 95 to 106) with a number of pedigrees, 
an intricate argument that works up into family trees, and is reminiscent of a 
eudian attempt to explain the normal in terms of the abnormal. While certain 
classifiable cases give trouble, Walls is satisfied that he has proved conclusively 
that deuteranopia and protanopia are distinct entities (p. 94); that the latter is 
B not deuteranopia "plus a darkened red factor," as Murray, Pickford, and others 
ave suggested—though a “dimmed red factor," sometimes occurring independently 
of other defects, is reluctantly admitted. (Mistakenly, the authors assume that this 
fiewer's scoterythrous concept derives from Hering; it originated with Rivers.) 
he discovery (matching Schmidt's of 1934) of heterozygotes (women carriers 
ith dichromatic sons) with depressed luminosity of red as their only deviate fea- 
re, and of other Os that “defy classification” leads to speculation as to the likeli- 
d of a brightness cone, or of bifurcated paths, and to a limited recasting of 
premises, such as "collapse protanopia" and "loss deuteranopia.” Unquestionably, 
le authors are to be commended for reliance not on one but on a team of tests 
‘anomaloscope, luminosity, and neutral point, not always, to be sure, wisely set 
ip or administered) for diagnosis. Credit must be allotted also for detailed reports 
"of the pedigrees of certain Os and related cases in the genetic literature—a line of 
Work catried on more extensively abroad by Pickford and others. But a genetics based 
faulty or inadequate anomaloscope readings (see Farnsworth's recent study) 
d necessarily hidebound and misleading. "There's many a slip twixt the gene and 
‘the phene,” is Walls’ own conclusion, after a 50-page discussion of unique and 
‘puzzling cases. Many of the dilemmas would be readily resolved, however, if the 
‘four-color proponents’ postulates were to be substituted for trichromatic. To tran- 
Scribe his comments on another worker: "the three-component theory will be 
destroyed by inbreeding if it is tested further by considerations that derive from a 
Stem that assifnes the theory." In the Introduction, however, interpretation on 
the basis of other assumptions is generously invited. 
$ In the final pages (156-63) the postulates set up in the preamble are amplified 
x contracted (with some concessions to the obstinacy of observed fact) into 61 
ne-to-three-sentence maxims, No index is provided, however, which puts the reader 
ata disadvantage in assessing the frequent textual contradictions, relating especially 
to the “collapse” theory of deuteranopia, the troublesome “darkened” or “dimmed 
- ted” factor, and the significance of variations in the RDP. As for the latter, the 
- Variant contours reported suggest, to the unbiassed reader, not so much peculiar 
 Broupings of displaced red or blue receptors, as a mild yellow inundation of an 
| itregular coastline—that of the inner retinal surface in the foveal basin. As for 
coloring, no one but Walls has ever insisted that the macular pigment, to be visually 
effective, must intercept al! the short-wave "pro-blue" stimuli. The residue passed 
t ‘ould account for the violet or purplish tones reported now and then in the RDP 
"descriptions. The shadowy portions of the pattern may represent, not regimented 
ted feceptors, but simply thicker or more opaque tissue, or steep slopes. 
_ As for "a world of work remaining to be done,” all research workers in color 
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must agree, Some, however, may remain sceptical as to the wisdom of concentrating, 
at the histologist's behest, on the mosaic Pattern of 3-type cone receptors in the 
fovea; sceptical also as to his Permanent liquidation of the macula. The failure of 
certain deutans to report a definite RDP pattern or color may, it is true, be an 
artifact of method or instructions worth investigating; but instead of the cumber- 
some set-up with filter No. 2389 to separate deutans from protans one suggests 
trial first of the old duplex diagnostic Ishihara scarlet and purple digit-plate. Under- 
standing that in the deutan's perception of the purple digit the blue primary in the 
mixture cancels the yellow valence of the red, leaving residual gtays, while in the 
perception of the scoterythrous protan, the entire red response including its yellow 
valence, is eliminated, leaving a blue (intensified by the possible shift of the entire 
spectrum toward violet), should serve to explain not only why the purple digit on 
its gray ground is invisible to the deutan and seen as bluish by the protan, but also 
why the latter sees the RDP for Walls in blues and the deutan probably in yellowish 
tones hardly visible against a mazda-lit ground. 

As for useful filters, in view of Ahlenstiel's claim that mazda illumination con- 
verts his perceptions from Protanopic to deuteranopic, trial of a (partially) minus- 
red-filter (if such exists) to convert deutan into protan (scoffingly proposed by Walls) 
would seem to offer a rewarding line of research (possibly already tapped by 
Collins). 

After grappling with the color reports of the RDP in this study and with the 
experimenters’ deductions, certain primary qualifications essential to any observer 
or experimenter, engaging to explore the color-mediating zones of the retina, sug- 
Best themselves. First of all, acquaintance with the permutations and commutations 
of hue, a few hundreds of which may be sampled in the small Munsell handbook 
of color, is desirable, plus a stable descriptive system, taking some note of the 
common confusion of brightness and saturation, and the almost universal intet- 
change of the terms violet and purple in the uninitiate. To these should be added 
familiarity with liminal colored lights and the ease of confusion of blues and 
greens; knowledge of the dissection of violets and purples in the near- and fat- 
sighted eye into reds and blues, with emphasis on one or the other; and experience 
of the subtle transformations effected by change in illumination, by adaptation, by 
complementary contrast and negative after-images, and by the operation of the 
Bezold-Briicke law at different levels of intensity of monochromatic lights (due to 
the spread across the spectrum of the response curve of any primary). 

Finally, though one may criticize the methods and conclusions of this monograph, 
its lack of organization of text and tabular matter, and its bias, its authors merit 
credit for highlighting neutral-point data; for opening up the field of genetics, 
neglected this side of the water; for exposing as well the need of further detailed 
postmortem study of the retinae of normal and color-deviating Os, with an eye out 
for the possible presence of rhodopsin in rodlike foveal cones. It should do service 
also as an eye-opener to the physicist or physician who accepts the ,old Young- 
Helmholtz trichromatic theory uncritically, on faith. For Walls, following Hecht's 
lead, shows a keen eye for the loopholes and weak points in the latter, and, volun- 
tarily or not, has demonstrated how inadequate are its postulates when put practically 
to work in the no-man's-land of deviating color vision. 

Cornell University ELSIE MURRAY 
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Individual Differences in Colour Vision. By R. W. Picxrorp. London, Routledge 
and Kegan Paul Ltd., 1951. Pp. xviii, 386. 

This book represents in the main the results of testing more than 1100 individuals 
for color blindness. Even this large number of cases is regarded as only preliminary 
lo a more detailed and adequate investigation since, as Pickford points out, not less 
than 10,000 men and boys and 10,000 women and girls would be required to reveal 
reliably the main trends of color vision in a country the size of Scotland, the country 
where the tests were made, Of the 1100 Ss, 155 men and 23 women were found to 


~ be major red-green defectives. This high proportion is undoubtedly due to the fact 


that some of the defectives were invited to take the tests because they were known 
to be defectives. The tests of color vision were made by means of rotating discs and 
‘with a variety of color filters yielding results similar to those obtained with an 
anomaloscope or colorimeter. The author investigated the ability of the Ss not only 
to name colors and differences between colors but also to make hue and brightness 
matches. The colors investigated. included both the usual psychological primary or 
unitary hues and intermediate hues such as blue-green and orange. Color defect was 
assessed in terms of median or mean settings, range of settings, and deviation of 
settings from normal settings. 

The subject of color deficiency is not limited to mere determination of deviations 
from normal color matching and color naming. The author succeeds admirably in 
showing that the problem of color weakness and color blindness is practically co- 


terminus with all problems of vision. Among the many topics treated at more or 


less length in the book are questions concerning color vision of children, color vision 


_ in the animal kingdom, inheritance of color defects, race and sex differences in color 


vision, primary colors; adequacy of various color vision tests, and theories of color 


— vision, particularly the trichromatic and Hering theories. Unfortunately, however, 


‘anyone hoping to gain a clearer or simpler schema or a clarification of the main facts 


‘of deviant color vision will not be helped very much by this book. While the usual 


Classification of color deviant individuals into color blind (with subdivisions) and 
Color anomalous (with subdivisions) is followed here, the organization of the book 
is not such as togleave the reader with a clear picture of the author's extensive find- 
ings. The exposition is unnecessarily complicated because the author presents his 
Material on the basis of the tests employed. This division results in interminable 
repetition since the various types of color defect are discussed in terms of rotating- 
disk data, paired color-filter tests, brightness, spectrum and micro-color filter tests, 
the nine-color experiment, the matching of intermediate colors, and, finally, the four- 
Color test, Since each test involves not only broad differences among different types 
Of color deviant individuals but also minor differences in color response due to the 


— type of test employed, it is difficult, if not impossible, to tell what is ascribable to 


the method of testing and what may be ascribed to the particular type of defect 
Under study. This criticism is not meant to detract from the competence of the author, 
Who before the appearance of this book had already established himself as one of 
the leading workers in the field of defective vision through his excellent contribu- 


tons to the various scientific journals. Rather it is meant to point to the real useful- 


Rs and contribution of the book: researchers interested in the minutiae of color 
deviation as revealed by particular testing devices will find the book a mine of 
detailed information. 
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It is to be regretted that the experimental results were not Presented at least in 
part in fundamental terms, i.e. in the terms afforded by the C. I. E. trilinear mixture 
diagram or some derivation of this standard method of specification. Once the xy 
coórdinates of a colored stimulus are given it is completely specified as a color no 
matter what its spectral composition may be. All stimuli which plot at the same 
point in the color mixture diagram look identical to the eye and are absolutely 
equivalent as visual stimuli. Results expressed in these fundamental terms can be 
related to many other types of visual measurement and can be reproduced, Results 
of disk-mixtures made under light sources whose spectral energy distributions are 
not given cannot be compared and interpreted by other workers with the same degree 
of confidence that is possible if fundamental specifications of the stimuli are given, 
Color-names like "fawn" and "peacock" which are often used to specify stimuli do. 
not tell exactly what stimulus is meant. Terms such as these were long ago given up 
in scientific writing about color, 

In common with many psychologists the author of this book argues for the primacy 
of yellow and in favor of a four-primary theory of color vision, In view of recent 
findings by Granit and others pointing toward at least seven fundamental types of 
nerve-response to differences in wave length, it looks as if discarding the modified 
Young-Helmholtz trichromatic theory will make it necessary to assume more than 
four primary processes to explain color vision. So far as quantitative considerations 
apply, it doesn't matter how many independent receptors there may ultimately prove, 
to be; if their action can be accounted for mathematically by means of some mini- 
mum number of primaries, this minimum will probably be used. At present it looks 
as if a modified C. I. E. standard observer employing three primaries will serve as 
the basis of color measurement for a long time to come. 

University of Texas * HARRY HELSON 


Anatomy of Public Opinion. By JOHN NORMAN PowsLL. New York, Prentice- 
Hall, 1952. Pp. xi, 619. 

Does the current political picture fill you with gloom? Are you apprehensive 
over current Communist propaganda offensives? Or ditto for Capitalistic propaganda? 
Do you perchance feel that the contemporary vehicles of communication deluge you 
with moral judgments disguised as insights and understanding of social phenomena? 
Does what our citizenry say and do seem so incredibly naive or foolish, while what 
they ought to do is so obvious? Are you contemptuous of what the ‘so-called’ social 
sciences have to offer us in the way of pearls of wisdom? Are you appalled at the 
incteasing powers of the state? Are you the bedeviled instructor assigned to teach a 
course in ‘Public Opinion’ or ‘Propaganda’? Well then, here is a volume made to 
your measure, 

lt is now some thirty years since the appearance of Walter Lippmann's Public 
Opinion, a volume still memorable for its shrewd substitution of a psychological 
determinism for the naive notions that have dogged social theorists and moral phi- 
losophets from the beginning. Freshly before Lippmann at that time was the record 
of the manipulation of attitudes and opinions on a previously unheard of scale that 
was a concomitant of World War I. There the ideals and symbols that integrate 
and activate collective action had to be attenuated and revised to fit the needs of 
unprecedented situations. Where ideologies formerly had only to encompass and alibi 
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> the activities of a single national unit, they now had to transcend national and class 
fines in an unprecedented manner, if the Allied cause was to win. What with the turn 
that events took in Russia, there resulted an era of soul-searching scepticism that may 
well have been disastrous to national mythologies, but it certainly did usher in a period 
of critical realism in social theory. Significantly enough, Lippmann foresaw the rôle to 
be played by an emergent, quantitative, social science. Powell's volume does an excel- 
lent job of outlining just what the various social sciences have contributed in this 
area since then. In the formidable, and excellent, appendix devoted to references there 
is hardly to be found anything antedating 1925! 

In brief, here is what the author provides us: First, a brief chapter outlining the 
problem: definitions, semantics, and a few pages on ‘power’ and ‘freedom’ that should 
be required reading for all, but particularly for those spokesmen for the vested 
. interests currently embattled under the banner of ‘freedom.’ The second and third 

chapters are devoted to a brief but adequate summary of methods and problems in 

opinion-measurement, not so detailed as to be boring to any but a specialist, but 
sufficiently so to give any intelligent reader a grasp of the problems encountered in 
opinion-measurement, the pitfalls, the limits of accuracy, the incredible fluidity of 
the thing measured, There is also a good indication of the kinds of attitude that have 
been measured and to what degree of success. Then there is a frank and insightful 
discussion of the social consequences of polls and polling, which is illuminated, as 
always in this volume, by such evidence and research data as are relevant, The 
- author's evaluations of current work seem to this reviewer to be excellent, but the 
- reader is spared much of the detail concerning the techniques of research used. Polls 
and polling come in for a major share of the attention, but questionnaire-studies, 
tests, projective techniques, depth-interviews, mass-observation, and content-analyses 
are not overlooked, Even the values and evils attributed to the measurement of public 

opinion are summed up for the reader, all in a manner that might well be taken as a 

model of objectivity. 

The concrete instruments of public opinion and propaganda then come under dis- 
cussion and analysis, the fourth chapter considering groups and individuals. Here we 
have a realistic analysis of the actual power-residuals in a society such as ours. Far 
from tending to Se social power as evaporating into abstractions and fictions, the 
author pin-points individuals at points of control. In this chapter we are given an 
excellent summary of such studies as have been made on the varied róles and per- 
Sonalities involved in leadership. Leaders are important precisely because they really 
do exercise control. The variability in the findings with regard to leadership is well 
teviewed. The importance of organized groupings in practical and effective politics is 
effectively set forth, along with a sharp reminder, to those who are contemptuous of 
politics, that group existence makes that sort of activity unavoidable. The author 
shows that the unit of organized group life is the pressure-group, and in some detail 
he pictures the effective pressure-groups now constituting democratic society as illus- 
trated in these United States, The pressure-group gets results by ‘lobbying.’ Such 
Iegistered ‘pressure-groups’ at the national capital numbered well over a thousand 
in 1949, and their total activities are considered by some to be a billion-dollar 
industry. As an example, organized medicine mobilized a three-million-dollar war 
chest to fight socialized medicine. The changed character of the pressure-group in 

Soviet Union is briefly commented upon; significant is the fact that pressure- 
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groups are not eliminated there, they merely take a different form. Yet the author 
makes a good case for his thesis that the various pressure groups are the basic roots 
of the democratic process, which, realistically seen, is based on competition between: 
pressure groups. The chapter also includes the suggestions of the American Political 
Science Association's committee for improving political processes, along with a 
general summary of research findings concerning public opinion on key current issues, 
The press, motion pictures, radio, and television each rate an entire chapter and it 
is interesting to note that in 1921 only the first of these rated separate-chapter status 
in Lippmann's work. At that time, motion pictures rated five scattered references in 
the whole volume; the other two were hardly on the horizon. The chapter in the 
current volume on the press is a model of calm objectivity. Well, for one thing, the 
press is considerably reformed in its worst abuses since the days of Sinclair's Brass 
Check, and for another the readers have over the years developed a certain immunity 
to the control by direct suggestion once exercised by the press. The author uses his 
pages wisely in reporting the varied factual findings that have something like statisti- 
cal respectability and throw however feeble a light on the actual status of the press 
as an opinion making force. The reader is left to draw his own conclusions. 
Two chapters are devoted to such experimental evidence as is available on the 
determinants of opinions and attitudes, the effectiveness of various kinds of appeal 
under varying conditions. These chapters do an excellent job of summing up such 
tentative conclusions as might be warranted in a field of almost unbelievably frus- 
trating complexity. There is material here for the professional propagandist, as well 
as for the individual who wants to keep himself immunized against the next high- 
powered propaganda offensive, The significant findings in the field seem to be well 
reported, 
Finally, we have a chapter on the róle of public opinion in a Democracy, which is 
about as insightful an analysis of the limitations as well as the virtues of the demo- 
cratic process as this reviewer has seen. Certain it is that improvements in the col- 
lective living to which man is obviously doomed will stem from a sound knowledge 
of the actual processes of social relations that volumes such as this so intelligently 
organize and provide. Dr. Powell has made somewhat less hopeless the prospects for 
the appearance of specialists in the field of the social sciences to which we may turn 
as confidently as to scientists in the older fields, whose subject matter is somewhat less 
charged with emotionality than are almost all areas of social behavior. 
New York University GEORGE B. VETTER 


Modern Science and Modern Man. By James B. CoNANT. New York, Columbia 
University Press, 1952. Pp. 111. 

There is little specifically about psychology in this attractive, deadly serious, atten- 
tion-compelling volume of but four lectures; yet psychologists will read it because 
they are interested in the scientific nature of their profession in general and in the 
relation of scientific fact to social value in particular. Let me attempt to extract the 
gist of Conant's timely argument. 

Science is to be'regarded as a limited activity. For three centuries it has had a 
continuously increasing success, and what has begun so auspiciously will doubtless 
continue into the future; yet it would be wrong to suppose that science can ever 
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ledge or that its methods—and Conant insists that there is no one 
d but many procedures and devices—can ever be adequate to all 


light, both of which are true while each contradicts the other). It is this 

ury revolution in physics that convinces scientists that there are 
"regions of knowledge, or, if one follows operational logic, that these 
being unknowable, can not exist in any meaningful sense of the concept of 


on that science is exploring the total field of knowledge and extending the 
of terra cognita is all wrong, says Conant. Science is an activity. It begins 
m, that is to say in the trial-and-error working out of ways to get to 
ng is almost entirely empirical in this sense) and proceeds toward the 
of theories or models, which have in them all the immutability of logic 
its tautology. (Surveying is almost all logical theory because it is little 
geometry, mathematics, and simple well-established optics.) Thus the 
of a science is shown by the degree of this kind of empiricism to be 
it, and as the degree of empiricism decteases the quantity of theory 
s. Physics is far along, as its ‘revolution’ shows; psychology is just beginning. 
tical trial-and-error is ever so much less efficient than deduction from estab- 
ty. The release of atomic energy showed that and convinced the public too 
tific theory is not a vapor of the ivory tower but a power to be considered 
ating human weal and woe. Not soon again will the scientist be regarded 
mpracticable ‘long-hair’ as he was before 1940. Indeed, the danger is the other 
fanatical public belief in science and governmental support of it will lead 
expenditure of time and money before empiricism has yielded far enough 


7 J. J. Thomson had suggested that a scientific theory is not a creed but a 
Conant adopts this view. Science can be regarded as a queer mixture of 
Common-Jense empirical procedures, general speculative ideas, and abstract 
* As such it is an activity, and both its empirical rules of thumb and its 

theories are guides to action, its policies. These rules are one of the 
hich man in his complex civilization gets along in the world, but they are 


do you approach a scientific problem without bringing to it many values 
your habits of thought, values usually not recognized. Some of these 


tence of other persons than the thinker himself, It would be folly to think 
ever gets anywhere without the use of arbitrary and adventitious values, 
why, as an activity, it is a policy and not a sure road-map to truth, 

only to extend this comprehension of the relation of science to values to 
here spiritual values enter in. Conant suggests that the minimum of addi- 
lues needed to specify practical activity as spiritual are (1) a belief in a 
between men and animals (e.g. dislike of cannibalism), and (2) a belief 


» 
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that personal action is related to some larger whole. For a religious faith you must 
add still more a prioris. At these levels you must recognize the existence of various 
universes of inquiry, controlled by different policies, not by different creeds, Always, 
always you have the values, but they are different in different faiths, and within 
science they are different in the consideration of the problem of the origin of life by 
the cosmologist, the biologist and the chemist, and they are different when light is 
considered by the physicist believing for the nonce in wave theory and by the physi- 
cist, perhaps the same one a little later, believing in quantum theory. 

Beyond science you have all of man's other activities, which may be good and are 
not to be denied. There science's great theories take their place alongside of other 
great monuments of man's creativity, gravitation alongside of the Parthenon, 

The view that Conant discards is materialism and thus modern dialectical mate: 
rialism, the notion that science can embrace all knowledge, that it is a creed that can 
supplant religion. In a way this volume is the antithesis of that contemporaneous 
defense of determinism in human behavior, Skinner's Science and Human Behavior 
(1953). Skinner, in claiming for science an exclusive right to understand and con- 
trol human nature, utters the materialist’s challenge to an incredulous world. Conant, 
I think, answers him. 

Harvard University EpwIn G. BORING 


The Psychology of Thinking. By W. EDGAR VINACKE. New York, McGraw-Hill, 
1952. Pp. xiii, 392. 

"This book," one reads in the Preface, "represents an attempt to survey in a 
systematic fashion the variety of human thought processes, together with what the 
psychologist has found out about them, The author has not been guided by a prefer- 
ence for any particular species of theory.” The result is a painstaking review of some 
600-700 items of study, mostly experimental, set forth in 17 chapters, In the Intro- 
duction we are told that “In general, thinking serves in the adjustment of the 
organism to its environment, both internal and external.” This implies a “motor 
theory” for which there is, we are assured later on, "an impressive weight of evi- 
dence” (p. 69). After sketching the Historical Background, subsequent chapters, with- 
out any very apparent order, treat of such familiar psychological topics as Conscious- 
ness and Attention; Ideas, Imagery, and Imageless Thought; The Mechanism of 
Thinking; Logic; Concepts; Transfer of Training; Problem Solving; Imagination; 
Autistic Thinking; Creative Thinking; "The Internalization of Experience"; Per- 
sonalized Thinking and Attitudes, 

With thinking in the service of adjustment, a behavioristic slant is given to the 
discussion, but no very certain conclusions are drawn. "If the nature and function 
of the receptors, connectors and effectors are explained, consciousness will also have 
been in large part explained" (p. 21). But how? Is it "reasonably clear now to most 
psychologists that the ‘mind’ and the ‘body’ are one and the same but that one may 
describe the phenomena at different levels of abstraction” (p. 42)? Along with such 
evidence of loose or incomplete consideration, one also encounters significant apergut, 
such as one on "memory which, instead of being a kind of specific record ‘written 
on specific neurons, may very well be the establishment of a more or less intricate ) 
relationship within the pattern of neurons, perhaps, in the case of a complex memory 
scattered over the entire cortex” (p. 60). 
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“Although the author stresses ‘dynamics,’ he does not seem to have a precise mean- 
ing for the operational relations to which he so often refers in describing the adjust- 
nts which thinking serves. From his experimental sources he draws the conclusion 
t relationships are established gradually. Though he recognizes that they "are more 
ificant than specific content, or specific operations, or,specific rules" (p. 178), he 
ms to regard them as gradients achieved by frequency of association. In addition 
to gradual analysis and ‘trial and error,’ insight is accepted as being a third “mode of 
' upon problems to be solved. The characteristic 'suddenness' of insight is dis- 
nted. Although a reference is given to Lacey and Dallenbach on "Acquisition by 
dren of the Cause-Effect Relationship" (this JOURNAL, 52, 1939, 103), the more 
striking demonstration of sudden and lasting insight by Kreezer and Dallenbach 
("Learning the Relation of Opposition," this JoURNAL, 41, 1929, 432) is not listed. 
itis proper enough to be cautious in dealing with sudden revelation, but if one uses the 
m insight one should regard its province in psychology and not destroy the special 
ining which Köhler gave it in describing the behavior of his apes. [ 

ne is troubled by the suggestion that "at least in its earliest stages, the learning 
f symbolic responses can be explained as simple conditioning by the repeated linkage 
f words and objects" (p. 272); for, one asks, how was the original conditioner 
tioned? It is also rather naive to state that "a motive could be a system of 
al-thalamic-visceral-cortical-muscular relationships. A concept could be a system 
sensory-thalamic-visceral-cortical-muscular relationships. In fact the conception of 
ization proposed above is quite compatible with the motor theory of thinking 
322). What are these "systems" so confidently summoned to provide a motor 
thought? Have they any other meaning than that of a congeries of anatomical 
apositions ? 

“We may, however, thank the author for bringing together a vast amount of 
Material—chiefly experimental—which he sets forth clearly and tactfully, albeit un- 
ically. Since without a point of view one can hardly be critical, we must be satis- 
à with his own modest evaluation of his labors. "Throughout the preceding pages,” 
he writes in conclusion, "we have made a concerted effort to bring together materials 
Í diverse kinds, with special emphasis upon scientific research. We sought to 
anize these dfta and to give them theoretical coherence. In the course of our 
tment, many more questions were raised than we were able to answer. It is our 


€ that future investigators can answer them" (p. 362). 
- Cornell University R. M. OGDEN 


description of standard tests or other devices and procedures, The methodology 
ted also goes beyond test-construction to include rating-procedures, projective 
niques, and the observational and experimental study of personality, Interview- 
ods are not treated, evidently by intention. 
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The term ‘personality’ is not defined. This term is evidently conceived in the usual, 
somewhat narrow sense that excludes all abilities. It is curious that in American 


psychology the term ‘personality’ when applied to an individual usually implies the 


" 


nature of that individual and refers to the kind of person he is. How one can cover ^ 


the nature of a person without mentioning his abilities is hard to see. Yet in text 
books of psychology, with few exceptions, intelligence and other abilities are ex- 
cluded from the term. We even find ‘personality’ often illogically set over against 
‘intelligence.’ Perhaps we need to adopt the British practice of referring to the non- 
ability aspect of personality as the orectic side, It is the orectic side of personality 
that is treated in Ferguson's book. 

The term ‘measurement’ also lacks definition in Ferguson's book. From the great 
variety of procedures that he treats under this title one might well conclude that the 
term has a meaning about as broad as ‘description,’ Such an extension of a term is 
an author's privilege, but his readers would probably like to know where he con 
ceives the boundaries of measurement to lie. 

Ferguson is strongest when he is describing a personality test and telling how it 
was developed. He writes with the assurance of one who himself has developed 
more than one type of instrument and who has used such instruments in practice, 
The orientation is always toward the Practical use of tests and other instruments. 
Nowhere else will one find in one place descriptions of so many types of device, The 
listing of standard, published tests is selective, as it should be and as it must be. 
The selection seems representative, though some readers will probably have different 
opinions at specific places. : 

While the description of techniques of test-development is usually full, this 


reviewer should like to have seen more on general theory of personality-measure- | 


ment. He is also painfully aware of the many statistical problems in testing theory 
and in the general theory of psychological measurement that were glossed over. True, 


there is not space in a book of this character for so much background material, but | 


then the question arises whether students should be introduced at all to the standard 
tests and other instruments so extensively at the superficial levels before they have 
been sufficiently grounded in theory. Students may thus be encouraged to build their 


own tests because it looks so easy. They are thus likely to perpetvate the errors that i 


past generations of test-users have made, Ferguson has offered criticisms of many of 
the methods, and some of the criticisms are discerning and uncommon, but he has 
missed many other opportunities to evaluate procedures. It will be up to the instruc- 
tor who uses this book as a text to supply the student with more background and 
with precautions concerning the training and the skills necessary to construct and to 
use devices for measuring personality, 

We have -here, then, a book directed to the description of tests and other devices 
for the assessment of Personality, their development, and their applications. The 
descriptions are the competent work of one who has had first-hand experience with 
that concerning which he writes, The content is long on descriptions of techniques 
but short on basic theory either of personality or of measurement, The subject has 
been treated at a relatively superficial level, presumably with the intention of bring- 
ing it within the reach of the student who probably is not prepared to use wisely 
the information he is given. 

University of Southern California. J. P. GUILFORD 
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M. Psychology of Teaching Reading. By IRVING H. ANDERSON and WALTER F. 
DzARBORN. New York, Ronald Press, 1952. Pp. x, 382. 

A major emphasis in the present text, which was designed primarily for profes- 
sional courses on the psychology and teaching of reading, is on the psychological 
foundations of method. Stress is also placed upon the developmental aspects of 
reading or the growing into reading, without neglect of the learning processes of 
the child with which the teacher is necessarily concerned. Some will miss a systematic 
treatment of typography, readability, and illumination. Although these areas are 
legitimate parts of a psychology of reading, they are avowedly omitted in order to 
permit concentration on the psychological facts which apply more specifically to 
instruction in reading. Major topics considered include reading as growth, reading- 
readiness, eye-movements, word-perception, learning to read, methods of teaching 
reading, and appraisal of progress in reading. There is an extensive bibliography. 

In the section on "Reading as Growth," the authors present the most complete 
discussion we have of organismic age in its relation to progress in reading. Organ- 
.. ismic age represents the average of growth ages (height, weight, dental, carpal, grip, 
. mental, reading) from one point in time. Cases are cited to support the view that, in 
| certain instances, reading-achievement is a function not of mental age alone but of 

total growth. Nevertheless, in another place (p. 82) it is recognized that mental age 
| is probably the most important single factor making for success in learning to read, 
| but the practice of defining reading-disability in terms of a discrepancy between 
mental age and reading-age 1s questioned. Cases are cited in support of the view that 
certain children, who are retarded in learning to read, will overcome this apparent 
fetardation without remedial training when total development reaches a certain level. 
No claim is made that this holds for all cases of reading-disability. The rôle of 
such physical growth-factors as weight, height, and dentition in relation to reading- 
readiness will seem overemphasized to some. 

The discussion of reading-readiness presents views that are in harmony with the 
Practices advocated by sound writers in the field. One can agree that any remedial 
Program which attempts to force the child to read before he is ready has no basis 
for existence, but a satisfactory remedial program does not do this. The reviewer 
considers that evaluation and promotion of readiness must be an integral part of 
diagnosis and remediation. Presumably the authors have this view in mind. 

The studies on eye-movements selected for survey are well chosen in terms of 
the authors’ purpose, The emphases upon the inadequacies of certain early studies, 
the need of longitudinal studies, and false assumptions underlying pacing are sound, 
The discussion of word-perception is very well done, Results of recent and the older 
. Studies are nicely coórdinated. Stress is placed upon those aspects of word percer 
tion which are basic in learning to read. In dealing with methods of teaching reading, 
the authors appraise alphabet, phonetic, word, phrase, sentence and story methods, and 
they conclude that reading is best taught by a combination of methods. The organiza- 
tion of such a plan is outlined in which stress is placed upon the experience-reading 
?PPrOach. In discussing the evaluation of achievement, critical attention is given 
to teachers’ appraisals and the use of a variety of standardized tests. 

For a long time there has been need of a treatise on the fundamental aspects of 
the psychology of reading. Much of the material in the present text is relevant to 
that need, Obviously the authors aimed to give enough of the fundamentals to form 
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a basis for a sound approach to the teaching of reading and they have done this job 
well, The book should receive a cordial welcome from workers in the field. 
University of Minnesota Mixes A. TINKER 


Social Science and Psychotherapy for Children. By Orro POLLAK and COLLABORA- 
rors. New York, Russell Sage Foundation, 1952. Pp. 242. 

In this volume an attempt is made to bring scientific principles from sociology, 
cultural anthropology, social psychology, and the psychology of learning to bear upon 
a psychoanalytically oriented child-guidance program. It grew out of an in-service 
staff-training program. To combat an over-specialized viewpoint in a particular 
agency (in this case, a strong orientation toward individual diagnosis), Dr. Pollak 
. decided to utilize broad social concepts with which the child-therapists had not been 
familiar. These concepts include the family of orientation (all persons living in the 
household as distinct from biological parents), social interaction, socialization, cul- 
tural relativity and cultural contact, social rôles (age and sex) in youth culture, and 
reinforcement in stimulus-response learning theory. Pollak intentionally avoided 
results of statistical observation and the statistical generalizations of social science 
because such material “might have created reluctance on the part of a considerable 
number of workers to find use for it (p. 23)." This reviewer regrets that a large 
body of useful, factual material pertaining to child behavior was thus excluded from 
presentation to these workers with children. The concepts they studied are undoubt- 
edly useful but by no means reflect adequately the relevant research in child devel- 
opment, which even contradicts some of the generalizations presented in this book. 

Because space prohibits extensive discussion of all the concepts, we will mention 
only three—extra-familial influences in pathogenesis (a chapter written by S. R 
Slavson), age and sex róles in youth culture, and reinforcement in stimulus-response 
learning theory. The consideration of extra-familial influences is actually a discus 
sion of socialization. Lewin's concept of the life space and the concept of the indi- 
vidual's phenomenal field are introduced. The individual develops as a self only by 
adapting to various groups. The significance of skill in play or in „social behavior for 
the process of adjustment is not presented directly. The importance of success in the 
one-sex group so typical of middle and older children is stressed, but success appeals 
to be something awarded arbitarily by the group rather than recognition accorded " 
achievement. The various extra-familial relationships are considered important n 
therapy as well as in diagnosis, and case-material is presented to confirm both view 
points. 

The chapter on age-sex rôles and psychotherapy of adolescents assumes that when 
an adolescent takes on a rôle not befitting his age and sex category he may be 
expressing internal conflict. Such a róle may further complicate the child's adjust- 
ment by producing external conflict. The concept of youth culture as developed by 
Talcott Parsons is presented at length, together with some reference to the writing of 
Kingley Davis. Case-studies illustrate certain of the principles deduced from social 
theory. There is unfortunately no reference to the relevant findings of the California 
growth-study of adolescents. : 

Psychologists may be most interested in the chapter on therapeutic management of 
anxiety in children, which is an attempt to bring the points of view of Dollard and 
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ler and of Mowrer to bear on the problem of child-therapy. The chapter recog- 
s the problem of permissiveness in therapy; while permissiveness may be neces- 
‘early in therapy to enable the patient to free himself from morbid anxiety (to 
arn it), beyond that point permissiveness becomes disserviceable because it pro- 
no cues or rewards for the new learning which must follow. 

eople well grounded in the literature of child-development will find in this text 
ch that is familiar. They will regret that, as a compendium of the contribution of 
‘behavioral sciences to psychoanalytically oriented child-guidance workers, it 
iis so much relevant material on developmental trends in behavior, the significance 
cial skills for the adjustment, and the cumulative effect of environmental stimu- 
n on behavior. Perhaps we chiefly regret that the workers to whom the text is 
ssed apparently have such little exposure in training to child-development 
materials ! 7 
Jniversity of Minnesota Date B, HARRIS 
perimental Hypnosis. Edited by L. M. LECRON. New York, Macmillan, 1952. 
xviii, 483. 

ry thirty years, according to the editor, there is a resurgence of interest in 
nosis. This book reflects the fact that we are at present in the midst of such a 
gence, which may be seen in the number of professional societies springing up, 
in the number of books, journals, and articles concerned with research in the 
d of hypnosis, Whether or not this renewed interest will be temporary or per- 
nent depends among other things on the contribution a book, such as this one, 
es, This book deals with such topics in the field of hypnosis as: pre-Mesmer 
tory; techniques of induction; tests predicting susceptibility; age-regression; rela- 
to narcosis; influence on somatic function; antisocial uses; relation to extrasen- 
perception; dissociation; applications to obstetrics, dentistry, and psychotherapy; 
jective hypno-analysis; and time-distortion. Each chapter is introduced with a brief 
ement by the editor which indicates something of the context of the problem dis- 


Africa, and Denmark are included, References at the end of each chapter constitute a 
‘bibliography of much of the recent work in the field of hypnosis. 
_ On the negative side one may object to such statements as that 69% of a group of 
50 Ss remembered the day on which Christmas fell when they were regressed to the 
age of four. One is more than mildly surprised at this finding inasmuch as few four- 
year-olds have such information and since knowledge about the days of the week is 
an intelligence-test item scaled at the age of eight. Then again in discussion dealing 
th the same topic, one feels uneasy on encountering the statement concerning 
Tegression in Rorschach responses which may have high antecedent probability but 
a E. empirical validity. In another chapter, one reads that most codperative individ- 
uals are quickly and easily hynotized, while a few pages further on one is warned 
of the difficulty of hypnotizing "overactively" codperative individuals. Reading the 
hapter on the use of hypnosis in dentistry, written by a psychologist, one wonders 
What róle the novocaine played; ostensibly it was merely given to produce a feeling 
f “numbness.” The discussion of the relationship of hypnosis and ESP makes little 
if any contribution, The reason for its inclusion, or so the reviewer believes, is that 
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| 
the editor's "experience with ESP is nil." In general, many statements are made with- 
out supporting data and important experimental detail is often lacking, yet in some 
chapters there is undue emphasis on minutiae. : 

On the positive side are the many excellent chapters containing among, other 
things practical assistance for those contemplating the professional use of hypnosis, 
A brief and concise history of hypnosis in the pre-Mesmer period is given. In another 
chapter the question of relationship between suggestibility and hypnosis is discussed; 
it is shown that suggestibility is not a unitary variable and that consequently the 
problem of the relationship has to be phrased so as to ask what kind of suggesti- 
bility is being referred to. In still another chapter a clear picture is given of the | 
relationship between hypnosis and narcosis. Included in the book is a report of 
experiments, both successful and unsuccessful, encountered in the European litera- 
ture (much of which is not yet available in English), of the effect of hypnosis on 
physiological functions such as chronaxie, leukocyte-count, and blood-sugar. There 
is also an interesting and detailed account of the use of hypnosis in obstetrics. This 
chapter, written by an obstetrician and a psychologist, is concerned with the use of 
hypnosis for the average female (reviewer's italics). The authors' thesis is that the 
fear of childbirth (engendered by our society) results in anxiety and tension and 
that these factors lower the limen of pain. Alleviation of the fear and tension involves 
the use of suggestion in whatever hypnotic state may be induced in the patient. On 
the basis of their findings, with experimental and control groups, the authors claim à 
decrease of about 20% in the time of labor and in the amount of drugs; they believe 
that their technique represents a logical extension of the Read-method of painless 
childbirth. A chapter written by a dentist practicing in a small town indicates the 
uses and limitations of hypnosis. It is of interest to note that as a result of the use 
of hypnosis, this dentist's clientele has grown and not, as often feared, decreased. The 
author of the chapter on antisocial acts in hypnosis is one who used to be “on the 
other side of the fence." He discusses the question of why both positive and nega- 
tive results are reported and describes his own experimental work (which explains 
in part why his point of view changed). 

One may say, in summary, that this book reflects the use of a scientific procedure 
which is more rigorous than formerly, that it represents an attempt to apply research 
findings to the average rather than to the exceptional individual, and, finally, that it 
does not hold up hypnosis as an experimental or therapeutic procedure without equal 
but rather as a useful technique to be used judiciously. This book may help to dis- 
pell the murky and ambiguous situation existing today in many of our colleges and 
universities where hypnotic research is considered ‘unwise’ if not completely pro 
hibited. LeCron and the Macmillan Company are to be congratulated for publishing 
this book which demonstrates again that what hypnosis requires is not banning but 
investigation. 

The State College of Washington k F. L, MARCUSE 


Readings in Personnel Administration. Edited by PAUL Picors and CHARLES A. 
Myers. New York, McGraw-Hill, 1952. Pp. xii, 483. à 
Teachers and students of industrial and business psychology will welcome this 
volume of readings by Pigors and Myers, not because of the 'psychology' it contains 
but because it provides in readily accessible form the philosophy and principles 
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nd present-day human-relation practices in business and industry. Academic 
chologists sometimes feel uneasy as they pursue methods of improving tests, 
t ratings, training procedures, and the like, wondering if industry is really inter- 
sted in the products of their work. This collection of some 45 different papers 
ould ease that feeling and convince them that there is a tremendous need for and 
est in their contributions, Indeed, psychologists are making contributions, for 
this book on personnel administration one finds important achievements by 
. members Douglas McGregor, N. R. F. Maier, Alex Bavelas, Mason Haire, 
JR. N. McMurry, Guy W. Wadsworth, Jr., Alvin Zander, A. J. Cardall, Edward N. 
ay, and Ordway Tead. By and large, the collection of articles is an excellent one, 
hough we cannot agree with the statement on the dust cover that the volume is 
essentially a collection of ‘classics.’ " It seems more accurate to say that the best of 
T current thinking in various broad areas of personnel administration is collected— 
irren? because only two articles were written before 1940 and scarcely more than a 
dozen before 1945. Over 2096 of the articles were written in 1950. 
"The authors have avoided, in general, articles dealing with techniques in person- 
administration, and a few papers more technical and empirical than the rest are 
le more refreshing by contrast. These include Maier's stimulating paper on the 
se of róle-playing in supervisory training and McMurry's paper on the patterned 
linterview as an instrument of selection. Perhaps the outstanding article in the collec- 
tion, from the psychologist's point of view, is Mason Haire's discussion of psycho- 
‘logical testing-programs for selection of employees. Haire's cautions in the use of 
‘tests should be understood by every student of industrial psychology and certainly by 
the management of every company which uses these devices. In selecting by means 
‘of tests of ability, Haire points out, “. . . an employer finds himself at a peculiar 
disadvantage because he no longer understands, in the same way as before, why he 
es or rejects a given individual . . . It is one thing to say of a rejected applicant, 
Him? He couldn't even back up a truck!’ and quite another to say, ‘He scored 
lower than 38% of the applicants on a battery of tests that has been shown to have 
a .45 correlation with success on the job..." (P. 316-317). Solomon Barkin's 
paper entitled A Trade Unionist Appraises Management Personnel Philosophy 
esses a poifit of view which must be recognized and dealt with in any human- 
tions program, In a clear and concise way organized labor's objection to manage- 
at's ‘humanistic’ approach is expressed. E 1 
n summary, those interested in the applications of psychology to business and 
ndustrial problems will find this collection of papers extremely helpful. They will 
ind almost 50 expressions of contemporary views concerning the general principles 
and philosophy of business administration assembled for their convenience under six 
jor headings: (1) the nature and scope of personnel administration; (2) analyz- 
ing and handling personnel problems; (3) the foreman: his place and his problems; 
; (4) building and maintaining work teams; (5) wages and work assignments; (6) 
employee services and programs. While variations in quality exist among these papers, 
"each is worthy. Designed as a supplementary text for courses in personnel adminis- 
tration, a function it fulfills exceedingly well, the collection will certainly find its 
Way into lectures and outside reading assignments for students of business and 
industrial psychology. 


-Moosehaven Research Laboratory RonERT W. KLEEMEIER 
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Industrial Psychology. By JosEPH TIFFIN, Third edition. New York, Prentice- 
Hall, 1952. Pp. 559. 

The basic objective of this third edition of Tiffin's text is to summarize in some 
detail the various methods that have been, and are being, used in applying psycho- 
logical techniques to problems encountered in the field of industrial psychology. The 
wide experience of the author as a consultant has no doubt directed the emphasis on 
techniques which have helped to gain for industrial psychology the recognition of 
industrial management. Giving adequate coverage to this area has left little space 
for descriptions of experimenta] design in industrial research, Some teachers of 
industrial psychology may deplore, too, the lack of attention given to the social 
psychological aspects of industrial behavior; the book devotes little space to such 
topics as group-dynamics, personnel-counseling, and leadership. 

The general organization of Industrial Psychology remains essentially the same 
as in the second edition, with 5 of the 15 chapters given over to principles and 
descriptions of testing. A new introductory chapter has been added which describes 
briefly those developments which have influenced the acceptance of psychological 
methods by industry. Expansion of such topics as morale, interviewing, and super- 
vision is an improvement over the earlier editions, but little has been added to the 
treatment of efficiericy, accidents, and safety. The condensation of the chapter on 
visual skills is well done and might have set a pattern for condensing some of the 
material on testing, still leaving much of the clear and useful information on tests. 
Space might thus have been saved for the expansion of the sections on training and 
job-evaluation, and for the inclusion of recent findings in such important areas as 
conference-techniques. Some readers should find the appendixes on statistics, Taylor- 
Russell tables, and a selected list of test-publishers of value, A good job has been 
done on the selection and printing of graphs throughout the book, and these com- 
plement the text nicely. 

In summary, this book has its greatest value as a text where the instructor wishes 
to lay emphasis on techniques. For a broader coverage of the field of industrial psy- 
chology in the classroom, the book will have to be supplemented. The industrial 
practitioner will find this edition most useful, as he has the earlier editions. 

Carnegie Institute of Technology B. von HALLER GILMER 


Principles of Human Relations. By NORMAN R. F. Matzr. New York, John Wiley 
and Sons, 1952. Pp. x, 474. 

“This book is written for persons who are interested in human relations problems. 
. +. The examples and applications are pointed towards industry, but the principles 
apply to all situations where leaders must deal with groups or individuals.” Maier's 
objective leads, inevitably, to a fluctuating style. The book reads, at times, as if it 
was intended for college students, at other times as if it was aimed at management, 
and at still other times as if it was a teacher's workbook, This fluctuating style 
stems, in part, from the fact that about 20% of the material has been reprinted, 
with slight changes, from industrial and human-relations journals. 

Maier begins by pointing up industry's need for human-relations programs, and by 
indicating briefly what human relations is, what it can do, and how it is done. He 
then outlines his industrial training program in human relations—a program in 
which roughly 40% of the time is spent on such basic principles of psychology 4$ 
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tion and individual differences, 40% on techniques of democratic leadership 
on-directive counseling, and 20% on special problems such as frustration, 
„ and fatigue, The next three chapters are devoted to methods of group-dis- 
on and to role-playing techniques in small and large groups. After reporting 
reactions of industry to human-relations training (mostly favorable), Maier 
ies, in detail, the leader's procedures in reaching group-decisions, and adds two 
ters of case studies for instructional use. Then there is a chapter on the leader's 
ence on the quality of group-decisions, illustrated with transcriptions of two 
oblem-solving conferences in which the quality of the group-decision differed 
use of the leaders. Finally, Maier outlines techniques for the supervisor to use in 
s roles of interviewer and counselor. 
Pr One of the two really outstanding characteristics of Maier's book is the systematic 
tion, for the first time, of the techniques, objectives, and uses of discussion- 
ds, róle-playing, and group-decision procedures, In most cases, these presenta- 
are summarized in a 1-2-3 fashion. The second outstanding characteristic is 
regn use of illustrative case-studies, to which almost 4596 of the book is 
‘devoted. The last chapter, too, is a very fine introduction to the techniques of non- 
fective counseling. 
Some psychologists, who are familiar with Professor Maier only through his 
"experiments in reasoning, will be interested to see, particularly in his chapter on 
the Quality of Group Decisions as Influenced by the Discussion Leader," the 
tinuity between Maier's earlier work and his present interests. Many teachers will 
‘the educational implications of the systematic discussions profitable and inter- 
ting. Although the book is not particularly well adapted to low-level courses, it 
be well worth considering for upper-level service courses and for adult courses. 
Knox College ROBERT S, HARPER 


Personality Development. By J. S. SLOTKIN. New York, Harper, 1952. Pp. x, 


"The author sets himself the gargantuan task of studying the effects of culture and 
lety on the gevelopment of personality. In order to do this, he first develops "a 
ystematic theory of personality" drawing on the fields of anthropology, biology, 
iatry, psychology, and sociology. Since the author is a social anthropologist, he 
mainly on social and cultural influences. 
"The book is divided into four sections headed: Inheritance, Socialization, Cultural- 
, and Individualization. Each of these sections includes an account of the 
ental sequence of the first five years, since it is during this period, Professor 
feels, that the basic personality pattern is established. ^ 
Unfortunately, after several readings of the book, one fails to find the "systematic 
f personality" promised on the fly leaf. Rather, due to the unusual organiza- 
Ê the book, one is soon bogged down in a morass of simple statements about 
Onality or a given phase of development, each followed by a footnote giving 
‘source of the idea. These references are often to psychological experiments. Each 
ent is then followed by a series of quotes varying in length from one line to 
il pages, The sources of these quotes run the gamut from the author's own 
about his personality and lengthy historical accounts of wolf-children to 
imental data. In addition, each chapter is followed by a series of “Historical 
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Notes” running from a half page to twelve pages. The net result is that one js 
extremely impressed with Professor Slotkin's wide acquaintance with the literature, 
and literature in general, but can only feel that more time should have been spent 
thinking and less reading. The result of all this reference material seems to be only 
the restatement throughout the book that personality is the sum total of behavior 
patterns derived from learning and building on inheritance—hardly a systematic 
theory of personality development out of which “hitherto unexplored areas for new 
research” will open up. k 
Bryn Mawr College DoNarp R. BROWN 


á Further Study of Visual Perception. By M. D. VERNON. New York, Cambridge 
iversity Press, 1952, Pp. xi, 289. 

It is refreshing in these times to find a book on perception which, while not 
slighting certain currently popular problems, goes beyond the effect of needs and 
wishes, or pretty demonstrations of well known determinants of size and depth. 
In the introduction, Miss Vernon remarks on the changes in the field of perception 
which have taken place since the appearance of her Visual Perception in 1937, a 
book that was influenced largely by the Gestalt school. The present work was written 
from an essentially eclectic point of view, in the belief that “the apparently clear 
outlines originally drawn by the Gestalt psychologists have become blurred and 
dimmed.” The principal defect of the new book is its brevity; a great number ot 
researches are cited with little attention to details of method, data, or theoretical 
setting. It might be well, too, if more consideration had been given to the neuro- 
logical substrate of perception. Nevertheless, the book should prove useful both as 
a text and as a reference work. 

University of Texas JOHN KRAUSKOPF 


In the Name of Science. By MARTIN GARDNER, New York, G. P. Putnam's Sons, 
1952. Pp. x, 320. 

This is a remarkably good book for the public, which confuses cult with science, 
for the teacher, who wishes to give his students interesting examples of unscientific 
method, and for the social psychologist, who is concerned with the formation of 
in-group prejudice. The author writes clearly and with scientific validity from a 
great fund of odd formation. He discusses Voliva’s flat earth, Teed’s hollow earth 
with all of us on the inside, Velikovsky's worlds in collision, Charles Fort's Fortean 
Society, the flying saucers, the new mechanics and cosmology of A. W. Lawson's 
lawsonomy, Roger Babson's Gravity Research Foundation which seeks to discover 
a gravity screen, dowsing (with especial attention to Kenneth Roberts’ Henry Gross); 
George McCready Price's new geology, inheritance of acquired characters from 
Lamarck to Lysenko, race supremacy with reference of many protagonists including 
Hitler, Donnely's theory of Atlantis, the convictions of John Taylor and C. P. 
Smyth about the occult significances of the Great Pyramid, Dr. Bates on perfect sight _ 
without glasses, medical cults and quacks and food faddists too numerous to specify, 
Wilhelm Reich’s orgonomy, Hubbard’s dianetics, the non-Aristotlean therapy of 
Korzybski’s general semantics, phrenology from Gall on, graphology, and finally, 
with a good word for its sincerity and a doubt about its cultish status, Rhine's ESP 
and PK. 

Harvard University Epwin G. BORING 
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THRESHOLD FOR VISUAL FORM: A DIFFUSION MODEL 


j By M. E. BITTERMAN, JOHN KRAUSKOPF, University of Texas, and 
J. E. HocHBznG, Cornell University 


The experiments here reported are concerned with the visual identi- 
fication of geometric form. Much of the previous work on the problem has 
been purely empirical in character; many figures have been studied under 
4 variety of conditions, but theoretical analysis has rarely been carried 
_ beyond the complacent rejection of certain preliminary notions about 
- ‘goodness’ of form taken from the early Gestalt literature.’ In many in- 

stances, no evidence for the differential discriminability of simple geometric 
- forms has been found. For example, Helson and Fehrer,? in one of the 
- more significant papers on the problem, reported different forms to be 
- favored by different criteria and variations among Os so large as to make 

any generalization about ‘goodness’ impossible. In other instances, such 
"#8 the more recent experiment by Casperson,* significant differences in 

disctiminability have been reported with little or no attempt to under- 
- stand them in térms of underlying visual processes. In consequence, the 
choice of particular experimental methods and conditions often appears to 
have been quite arbitrary. Casperson has declared that "relative discrimi- 
hability . . . is essentially unaffected" by the technique of measurement 
employed, but there is little evidence for this belief and no logical justifi- 


* Accepted for publication June 2, 1953. The research here reported was con- 
lucted. at the University of Texas under terms of USAF Contract No. AF 
33(616)-63. The project was administered by the Psychology Branch, Aero Medcial 
laboratory, Directorate of Research, Wright Air Development Center, with Dr. 
enneth T. Brown serving as Project Engineer. peat 
R. B. Sleight and Grace Duvoisin, An Annotated Bibliography of Form Per- 
Febtion, Office of Naval Research, 1952, 1-28. ^ ; 
4 Harry Helson and E. V. Fehrer, The róle of form in perception, 
;. 44, 1932, 79-102. 
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cation. It is not clear, for example, why the campimetric method? should 
be expected to yield results comparable to those obtained with foveal 
presentation at low levels of illumination.? The present experiments, in 
any event, were neither atheoretical nor methodologically arbitrary, They 
were derived from a theory which suggested not only the general need to 
reinvestigate the discimination of form but the method to be employed as 
well. 2 


Central to the Kóhler-Wallach explanation of figural after-effects is the postu: 
late that a visual stimulus produces an alteration in the chemical condition of the 
tissue fluid which surrounds the cells of the visual cortex.’ It is as a function of 
differences in potential between regions of different activity (ionic concentration) ' 
that the figural currents arise which are assumed to determine perceptual experience, 
Thus, if one area of the retina, f, is the site of more intense stimulation than the 
Surrounding area, g, a greater number of nerve impulses are conducted along the 
pathways originating at f than along those originating at g. In the course of their 
activity, the nerve fibers are assumed to liberate chemical substances at their 
termini, the rate of secretion being proportional to the frequency of impulses. If F 
is the region of the visual cortex at which terminate the pathways arising from 
f, and if G is the cortical region corresponding to g, more intense stimulation of f 
than of g will result in a greater frequency of impulses at F than at G. Corte 
sponding to the activity at F and G, two concentrations of chemical substances, 
F' and G', will develop. If these substances dissociate into ions, a potential-dif 
ference will be created between F' and G' in relation to which a current will flow 
through the cortical tissue (assumed to function as a volume conductor). 

It is reasonable to suppose that the difference between the concentrations F' and 
G' must exceed a given value before the difference in potential between the two 
regions is sufficient to produce a flow of current which will result in figural pet 
ception. If stimulation is confined to the retinal region f, as in the case of à 
luminous figure in a dark room, this threshold difference in concentration can be 
expressed in terms of the magnitude of F' alone. The F' concentration depends, 
however, not only on the intensity of stimulation at f, but also on the effectivenes 
of coéxisting dissipating processes such as diffusion and enzymatic action. When | 
the process of diffusion is considered, without the assignment of specific values t| 
the variables involved, certain implications for the perception of form : 
evident; 


"R. M. Collier, An experimental study of form perception in indirect vision. 
J. Comp. Psychol., 11, 1931, 281-289; ‘Nathaniel Ketman and Z. A. Blier, cr 
and form discrimination in the periphery of the retina, Amer. J. Physiol., 85, 1925 
178-190; N. L. Munn and G. A. Geil, A note on peripheral form discrimination 
J. Gen. Psychol, 5, 1931, 78-88; C. A. Whitmer, Peripheral form discrimina 
under dark adaptation, J. Gen. Psychol, 9, 1933, 405-419; M. J. Zigler, Bat Ai 
Cook, Dorothy Miller, and Luisita Wemple, The perception of form in peripher 
vision, this JOURNAL, 42, 1930, 246-259. 

* Helson and Fehter, op. cit., 79-102. hil. ^ 

"Wolfgang Köhler and Hans Wallach, Figural after-effects, Proc. Amer EM 
Soc., 88, 1944, 269-357. gh 

° This discussion of cortical events reads (for the sake of simplicity) as thou 
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ce the perceived figure is assumed to be isomorphic with the current flow 
und F’, and since F is assumed to be isomorphic with f, the stimulating figure 
will be correctly perceived only if F' is isomorphic with F. It may be expected that 
“Po, the original configuration of F’, will be determined by the configuration of F. 
Tf, however, F’o is changed by diffusion to F’d, the correspondence with F will be 
“lost and the accuracy of perception will thereby be reduced. Perceptual error should 
“not, of course, be random. On the assumption that it results from the discrepancy 
"between F'o and F'2, error should be predictable from the process of diffusion 
which is responsible for the discrepancy. 

- Since the loss occurs largely at the boundaries of F'o, the amount and pattern 
‘of diffusion will vary with the extent and configuration of those boundaries. The 
amount of diffusion should be closely related to the perimeter of F'o—the greater 
the perimeter, the more the diffusion. The pattern of diffusion (as distinct from the 
amount) should depend upon the configuration of F'o, and two dissimilar figures 
$ of equal perimeter and area should therefore be affected quite differently by dif- 
fusion, In general, corners should be rounded, gaps should be closed, asymmetry 
- and inhomogeneity should be reduced, with small details tending to disappear more 
fapidly than larger details. It also may be assumed that an increase in the fre- 
“quency of impulses arriving at F will counteract the effects of diffusion and 
thereby improve the accuracy of perception. Given a medium of constant viscosity 
“and some limit on the rate of enzymatic destruction, an increase in the frequency 
of impulses at F should bring the configuration of F' into closer correspondence 
poo configuration of F. a 


— These considerations lead to some rather specific predictions for a 
simple experimental situation—the measurement of form thresholds in 
terms of intensity of illumination required for the perception of luminous 
figures briefly exposed in a dark room. Thus, the threshold of the circle 
should be lower than that of any other form of equal area. Loss by dif- 
fusion should bÈ least in the circle since it has the smallest perimeter; 
furthermore, whatever diffusion does occur should leave the form of F'o 
» unaltered, since the pattern of diffusion from a circular region is circular. 
When area is increased with form held constant, threshold may be ex- 
pected to decrease, since the relative amount of diffusion will be less for 
large figures than for small (the ratio of perimeter to area varies in- 
f versely with area), and since the magnitude of critical detail increases 

with area, The theoretical considerations here described led Hochberg, 
Gleitman, and Macbride to seek (and to find) evidence of a positive 
Correlation between form threshold and a ratio of perimeter to area 


P' and G' were assumed to be homogeneous and as if the boundary between them 

Were characterized by a sudden increase in density. Actually, of course, neither of 

ir t assumptions is made. As the concept of diffusion itself suggests, a contour 
t be represented by a gradient of density. 
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(P/A). It should be noted that such a relationship is predicted only when 

magnitude of critical detail is controlled. In certain groups of figures, the 
relationship between form threshold and P/A will almost certainly be 
inverse. For example, in a series of regular polygons equal in area and 
differing in number of sides (such as square, pentagon, hexagon, .., 
decagon)—where variation in P/A is small as compared with variation | 
in the size of critical detail—P/A decreases as the number of sides in- 
creases, but form threshold may be expected to increase. The theory sug: 
gests that the problem of critical detail may itself be reduced to an effect 
of P/A for some restricted region of the figure, but no reasonable way of 
segregating a particular part of a figure for purposes of computation has 

been found. Further consideration of this problem might best be postponed 

until the broader features of the model have been evaluated. 


Examination of the literature reveals few studies bearing upon the validity of 
these deductions which, it should be emphasized, apply to specialized experimental. 
conditions. One of the most important studies is that of Helson and Fehrer who] 
measured foveal thresholds (in terms of intensity of illumination) for six figutes of 
equal area: triangle, rectangle, square, circle, semicircle, and angle (a square from 
which a smaller square had been cut away). Three thresholds were distinguished 
the intensities required for “just perceived light," "just perceived form," and “certain 
form.” The results of the experiment did not seem to warrant generalizations 
about ‘goodness’ of form (except perhaps the generalization that the circle was 
‘better’ than any other figure), and the authors accused the configurationists of 
having "over-emphasized and over-generalized the importance of form as such 
(p. 102). Helson and Fehrer noted the fact that light was almost always se 
before any trace of form was visible—that "nearly twice as much light" was neces: 
sary "to perceive forms in a hazy, indistinct manner" as to “barely perceive light 
—and concluded: “The assertion that forms are first and pri.hary in perception 
therefore falls to the ground" (p. 101). 

The first question to be asked with respect to these results is why a consiste 
relation between form threshold and perimeter did not appear, and the answer i 
given in methodological terms. Since determinations were made by the method 0 
adjustment, real differences among the forms may have been obscured by random 
errors stemming from the failure to control time of exposure. The diffusion mode 
suggests that it would have been better in such an experiment to use brief ia 
posures at successively higher levels of illumination instead of continuous variatio? 
A much more important criticism, however, centers on the fact that repeated de. 
terminations were made, in consequence of which the Os may have been 10" 
fluenced unduly by their knowledge of the range of forms employed. As Dru} 
noted in a discussion of the early campimetric experiments,” “It is difficult, if oot 


* J. E. Hochberg, H. Gleitman, and P. D. Macbride, Visual thresholds as à func; 
tion of simplicity of form, Amer. Psychol., 3, 1948, 341-342. 

? Helson and Fehrer, op. cit., 79-102. 

"M. B. Drury, Progressive changes in non-foveal perception of line P 
this JOURNAL, 45, 1933, 628-646. 
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impossible, to estimate the effects of recognizing, instead of ‘seeing,’ the known 
forms. To touch off a verbal name or other epithet, it is only necessary that the 
stimulus-pattern should be sufficient to suggest ‘that form.’ Practice and repetition 
make O more and more expert in distinguishing the several members of the series 
(seen at times with full foveal adequacy). The experiment comes to be, therefore, 
more a process of coaching in the interpretation of indistinct signs than a discovery 
of retinal adequacy at various removes from the fovea." Drury's criticism was 
directed mainly at the use of conventional forms; but it may be argued that the 
béte noir of such experiments is not as much pre-experimental familiarity with the 
stimuli as it is the knowledge that the stimulus encountered on any trial can have 
been drawn only from a small, delimited group. 

Evidence that the functional task of the Os of Helson and Fehrer was simply to 
determine which of six possible forms was presented on a given trial is to be 
found in a table (p. 94) showing the number of times each figure was mistaken 
for every other in the first 50 determinations of the threshold for “just perceived 
form.” Not a single figure was ever in these trials designated as anything but one 
of the six figures employed in the experiment. Helson and Fehrer themselves 
recognized the distorting effect of knowledge when they decided to consider only 


- the results of ascending determinations—"knowledge of the forms prevented the 


Os from reporting when they actually disappeared in the descending series" (p. 85). 
The belief that knowledge produces distortion also in ascending series is supported 
by a comparison of the results of Helson and Fehrer with those of Hochberg, 
Gleitman, and Macbride.? The latter investigators, in a relatively crude, group €x- 
periment, computed thresholds for three conventional forms (circle, square, and 
Cross of equal area) on the basis of ome ascending determination per figure for 
each O—a procedure which ruled out the influence of knowledge of the forms. 
Significant increases in threshold with perimeter were found. j 

The second question to be asked about the results of Helson and Fehrer concerns 
the lack of a consistent relationship between perimeter and threshold for brightness 
(just perceived light"). Whether or not such a relationship is deduced from the 
diffusion model Cepends on the rate of diffusion that is assumed. If the rate of 
diffusion were negligible, neither form mor brightness thresholds would be ex- 
Pected to vary with perimeter. With an intermediate rate of diffusion, a relation to 
Petimeter would be expected for form thresholds but not for brightness thresholds. 
Since the loss occurs mainly at the boundaries of a figure, small variations in the 
amount of diffusion might be critical for the integrity of the boundaries but without 
effect on the concentration at the center of the figure (which probably determines 
whether the brightness threshold will be reached). With still higher rates of diffusion, 
both form and brightness thresholds would be expected to increase with perimeter. 
The negative results of Helson and Fehrer are, therefore, not crucial for the diffusion 
model at its present level of development. It might be well, however, to repeat 
the experiment under conditions in which time of exposure is better controlled. 

A third question posed by the results of Helson and Fehrer concerns the per- 
ception of form at the brightness threshold, Wilcox attributed the finding that light 
Was perceived before form to a confusion of objective and experienced form; he 


“Hochberg, Gleitman, and Macbride, op. cit. 341-342. 
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denied the existence of unformed perceptual fields and insisted that his own Os 
“invariably” described as circular a variety of figures presented at the brightness 
threshold.” This difference of opinion centered about two issues which a subse- 
quent discussion by Helson did not fully resolve.“ First there is the question of 
whether a patch of light seen against a dark ground can be regarded as unformed at 
the brightness threshold; this question is perhaps not entirely terminological, but 
it is largely irrelevant to the present investigation. Then there is the question of 
whether the patch of light inevitably looks circular as soon as it can be regarded as 
formed; the diffusion model suggests a negative answer to this question. It is true 
that the discrepancy between F’o and F'd is smallest for circular stimuli, and it is 
true that certain forms (e.g. regular polygons) should tend to be perceived as circu- 
lar before the threshold for correct identification is reached. The diffusion model 
does not, however, lead to the conclusion that F'Z must inevitably be circular at the 
brightness threshold irrespective of the rate of diffusion and the configuration of 
Fo. 

Another experiment which has a direct bearing on the validity of the diffusion 
model is Fry's exploration of configurational influences on the discriminability of 
differences of brightness between adjacent areas." The method was to project a figure 
on an illuminated ground and to measure the intensity of the figure required to 
differentiate it from the ground. A number of Fry's findings have interesting im- 
plications for the diffusion model. For example, a wavy or saw-tooth border having 
a fine pitch was seen as a continuous straight edge at threshold level, and a regu: 
lar polygon (such as a hexagon) appeared as a disk at threshold level; in each 
case, it should be noted, the segments were several times larger than the diameter 
of the blur circle, These results clearly suggest the operation of a diffusion process: 


EXPERIMENT 


the experiment to be reported, foveal form thresholds for a variety 
of figures differing in form and area were determined. Luminous figures 
presented in a dark room were exposed at successively higher Jevels of 
intensity until form was correctly perceived. The experiment was patterned 
after that of Helson and Fehrer from which it differed in two important 
respects. A succession of brief exposures of the stimuli replaced the con- 
tinuous method of the earlier study, and the Os were ignorant of the 


? W. W. Wilcox, Helson and Fehrer on The rôle of form in perception, thi 
JOURNAL, 44, 1932, 578-580. The extent to which the Os of Helson and Fehrer fel 
into the stimulus-error (as Wilcox charged): can be estimated from data on thé | 
frequency with which forms other than those employed in the experiínent We 
named as the "just perceived level" (Helson and Fehrer, op. cit., 94). The p 
of such reports suggests that the Os were more concerned with estimating tt 
nature of the stimulus than with describing their experience. 3 
Fi nen, Dr. Wilcox on The róle of form in perception, this JOURNAL, 45, 1935; 

1 G, A. Fry, The relation of the configuration of a brightness contrast border t0 
its visibility, J. Opt. Soc. Amer., 37, 1947, 166-175. 
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forms employed. (As in the study by Hochberg, Gleitman and Macbride, 
only one determination for each form was made with each O). The pur- 
pose of the experiment was to determine whether meaningful differences 
in form threshold would appear under these conditions. 


Observers. Twenty-four young men and women, students at.the University of 
Texas, served in the experiment, They were psychologically unsophisticated, and 
their vision, by their own reports, was either normal or corrected to normal. 

Apparatus. A modified Nagel adaptometer was employed for the experiment 
(Fig. 1). Illumination was provided by three 25 w. tungsten lamps operated at 
115 v. by means of a voltage-regulator. The adaptometer was equipped with three 
neutral density filters, each of which transmitted 5% of the incident light. To elimi- 
nate rod vision, a red filter was employed; its transmission was 5.2% and it 


Fic. 1. SCHEMATIC DIAGRAM OF THE APPARATUS 


plotted on the spectral locus at 643mp. A linear diaphragm was used to which a 
Scale measuring percentage of maximal illumination was coupled, and a small 
lamp was housed in the apparatus to permit the scale to be read by E in the dark 
experimental room. A figure-holder, into which the stimulus-figures could be in- 
Serted individually, was fixed to the front face of the apparatus. The instrument was 
calibrated with a Luckiesh-Taylor meter. Readings were made without the red 
filter and then corrected for its transmission. With the diaphragm opened max- 
nani (100 on the linear scale and 2 on the log scale), the luminance was 0.004 

A chin-rest secured the head of O who sat at a distance of 5 ft. from the stimu- 
lus-figure which was viewed binocularly. A tiny neon lamp shining through a pin- 
hole in a small box, provided a reddish fixation-point. The box was attached to the 
end of atmetal rod in such a way that the fixation-point was situated directly in 
front of the center of the figure-holder. The rod was mounted on a ball-bearing 
and could be rotated out of the line of sight by the action of two solenoids, The 
Sequence of events on each trial was controlled by a bank of three interval-timers 


"We are indebted to Dr. Harry Helson for advice on the calibration of the 
apparatus, 
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of the Hunter-Brown type." After a ready-signal, E threw a lever which extinguished 
the fixation-light and moved it out of the field of view. After an interval of 0,5 
sec, the adaptometer-lamps were turned on to expose the stimulus-figure for a | 
period of 0.5 sec, Then an interval of 2 sec. elapsed, following which the fixation- 
light was brought back into position and turned on once more. 

Stimuli. The figures used in the experiment were cut from heavy paper. (Ma- 


TABLE I 
Tue Ficures EMPLOYED 
Area Perimeter j 
Form (Square inches) (Inches) Perimeter/ Area 
Circle pay 1:77 7.08 
Square: diamond* .25 2.00 8.00 l 
Square; diamond* 1.00 4.00 4.00 
Triangle E 2.27 9.08 
L -25 2.31 9.25 
Cross; X* .25 2.69 10.75 
Cross; X* 1.00 5.36 5.36 | 
T$ .25 2.69 10.75 
H .25 3.02 12.10 

* Identical forms differing in orientation by 45°. 
chined metal figures were prepared for preliminary explorations before it was 
found that sufficient accuracy could be obtained from paper.) With these templates, 
contact-negatives were made—transparent figures on opaque grounds, The negatives 
were bound to thin plates of clear plastic which could be inserted individually into 
the figure-holder on the adaptometer. 

The figures employed are described in Table I. There were nine different forms 
(circle, square, diamond, equilateral triangle, L, cross, X, T, H) of which all but 
diamond and X are illustrated in Fig. 2. The diamond was a 45° rotation of 

Fic. 2, THE FORMS USED IN THE EXPERIMENT 


The T was constructed to have the same perimeter as the cross and X of equal 
area, The L was not a conventional one, since it was designed to have a perimeter 
similar to that of the triangle. Each form was constructed with an area of 0.25 50: 
in.—the small figures. In addition a diamond and an X equal in area to 1.00 sd. 1% 
(large figures) were prepared. The figure with the greatest lateral extent was the 
ere X which measured 1.34 in, For the O seated 5 ft. away, its angular size Was 
12 16%, 

Procedure, Each O was brought into the air-conditioned dark room employed 
experiment, dark-adapted for a period of 10 min., and given essentially the follow: | 
ing instructions; 


"T. A. Hunter and J. S. Brown, A decade-type electronic interval-timet, this 
JOURNAL, 62, 1949, 570-575. 


the otherwise identical square, and the same relation obtained between cross and X. 
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an -experiment in visual form perception. You are going to be shown 
le figures at very low brightnesses, and your task will be to identify each 
rectly. Fixate the reddish point of light when I say ‘ready,’ and when 
see it clearly, answer ‘ready.’ When you give your ready-signal, I shall 
the fixation-light, and a half-a-second later a dimly illuminated figure will 
e the fixation-light was. The figure will stay on for half a second, and 
describe its appearance. On the first trial you will not see anything, but 
ing trials I shall increase the brightness of the figure until you can name 
We will then repeat the procedure for several other figures. 


O, one determination of the threshold for each figure was made in the 
manner: The adaptometer scale was set below the brightness threshold 
st exposure. On successive trials the illumination was increased by steps 
unit, and the series terminated when O correctly named or described 
1, Most Os had no difficulty in naming the familiar forms employed, but 
the Os were troubled by one or another of the forms. For example, 
nd on occasion was not called by name on the assumption that one 
f a diamond should be longer than the other; the squat L, selected for 
n P/A ratio, posed a naming problem for some Os; and even the cross 
should have been quite familiar by virtue of form and color—'red cross’) 
certain amount of difficulty. At times it was necessary for E to question O 
pose of determining what was seen. If the cross was called a ‘four- 
€, E asked about the relation of the arms, the orientation of the figure, 
forth. The criterion of threshold was, therefore, not as objective as might 
although difficulty of naming was encountered only in a minority of 
& Names for the forms could not be supplied to the Os in advance of 
entations because it was desired that they be ignorant of the forms to be 
s for the same reason that only one determination for each form was made 
O—an unusual and otherwise inefficient procedure. The importance of 
precautions is demonstrated by the results of a later experiment in which re- 

rminations were made. 
O worked with nine of the figures. Thresholds for small circle, square, tri- 
cross, and H were determined first in an order which varied systematically 
to O—a 6 x 6 Latin square was constructed and four Os were randomly 

each row. Next the threshold for the (small) T was determined for 
inally, six of the Os (selected at random) were presented with small X 
diamond, six with large diamond and small X, six with large X and 
ond, and six with small diamond and large X. Thus, for the group as 
there were 24 determinations for each of the first seven figures (small 
uate, triangle, L, cross, H and T) and 12 determinations for each of the 
ures (small diamond, large diamond, small X, and large X). The last 
ations for each O provided (over the entire group) à self-contained 
effect of area which was linked to the earlier series of figures in that 
ond and X were 45° rotations of the otherwise identical small square 


- The outcome of an analysis of variance for the first six figures, 
ete incorporated in the Latin square, is summarized in Table II. 
due to order of presentation was insignificant, but variance due 
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to trials reached significance at the 5-% level of confidence. 
to form (for these six figures of equal area) was highly si 
In Fig. 3, mean thresholds for all of the figures used in the 
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Fic. 3. FORM THRESHOLD AS A FUNCTION OF P/A 


The two lowest P/A values represent the large figures and the others 
small figures. The line was fitted to the data by the method of least $ 


TABLE II 
ANALYSIS or VARIANCE ror Six Forms or Equat Arza (Circe, Square, Ti 
Cross, ANp H) 
at Sum of Mean 
Source of Variation Sq df Squyre 
Independent observations: 
Order of tation +3522 5 107044 
Residual Ss 1.7588 18 «09771 
"Total between Ss 2.1110 23 
Correlated observations: 
Form 1.5518 5 31036 
Trials -1598 5 .03196 
Residual from Latin square .2857 20 .01429 
Residual within Ss 1.1417 90 .01269 
Pooled error 1.4272 110 .01298 
"Total within Ss 3.1390 120 
Total for experiment 5.2500 143 


* Significant beyond the 1-% level of confidence. 
T Significant beyond the 5-97, level of confidence. 


D 


are plotted as a function of P/A. A line of best fit, compute 
method of least squares, also is plotted. Inspection of the data 
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rather marked linear relationship between the two variables. The degree 
of relationship, expressed in terms of a rank-difference correlation be- 
tween mean threshold and P/A is 0.78 (significant beyond the 1-76 level 
of confidence). Despite the significant trials variance found in the analysis 
of the first six figures, combining the data from the different parts of the 
experiment in this way was considered to be appropriate because of the 
consistency of the results. Mean thresholds for small square and diamond, 
measured in different parts of the experiment, were almost identical, and 
the mean thresholds for small cross and X were quite similar. 

The general relationship between form threshold and P/A shown in 
Fig. 3 was deduced in advance of the experiment from the diffusion 
model, It was also deduced, in consideration of the importance of critical 
detail, that the relationship should be far from perfect. The triangle and 
the L, for example, are almost equal with respect to P/A, yet the threshold 
for the L is significantly higher than that for the triangle. This difference 
was anticipated on the assumption that the critical detail of the L (the 
upper right-hand region) would be more readily obscured by diffusion than 
would the angular relations among the sides of the triangle, The critical 
detail of the L is about equal to that of the cross and X, and the figures 
have about equal threshold despite the discrepancy in P/A. The lower 
threshold for T than for cross and X (which are equal to T in P/A) also 
is understandable in terms of the size of critical detail, and the discrepancy 
between the triangle and the square can be explained in the same way. 
Unfortunately, however, no completely satisfactory method for the quanti- 
tative evaluation of the contribution of critical detail to form threshold 
has yet been foünd. 

Important support for the diffusion concept is provided by the qualita- 
tive data of the experiment. Although systematic records were not kept in 
the beginning, the Os were found to be remarkably consistent in some 
of their pre-threshold descriptions of the various forms, The square was 
frequently called a circle at pre-threshold levels, and the triangle was also 
mistaken for a circle (although not as often as was the square). The 
cross was frequently called a diamond, the X a square, the T a triangle 
with apex down, the L a semicircle or half-moon, and the H (on occasion ) 
a butterfly; the circle was rarely called anything but a circle. From these 
teports it may be inferred that, in general, as the diffusion model sug- 
Bests, corners tend to round and gaps to close. These impressions are 
confirmed by the observations of trained Os, For example, the cross is 
quite frequently seen as a diamond at low levels of illumination; as the 
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level of illumination is increased, the sides of the diamond become more 
and more invaginated, and finally the cross emerges. 

In a recent experiment on the discrimination of form, Casperson 
ignored the perceptual significance of erroneous reports for which he in- 
troduced a statistical ‘correction’ on the assumption that they were arti- 
facts of ‘response probability"? The data of the present experiment do not 
warrant such treatment. The incorrect responses certainly did not appear 
to be arbitrarily emitted; instead, particular incorrect responses tended to 
be uniquely associated with particular stimulus-figures. Furthermore, the 
diffusion concept points to a meaningful relationship between specific 
errors and the stimulus-figures which called them out. Evidence for the 
perceptual significance of pre-threshold reports also is provided in the 
paper of Helson and Fehrer.?" For example, in 200 determinations with 
the square there were 20 erroneous responses, and the incorrect response 
in each case was circle; in the same number of trials with the angle there 
were 80 errors of which 57 were triangle and 12 were semicircle, Neither 
the quantitative nor the qualitative aspects of these results seem predictable 
from the concept of ‘response probability.’ 

A physical diffusion model. In the interpretation of the results of Ex- 
periment I, a number of assumptions were made concerning the configura- 
tional changes which might be expected from diffusion. A physical model 
was developed to evaluate these assumptions, After some preliminary 
trials with dyes, a bacteriological technique was adopted.?* 

A culture of Serratia marcesens is suspended in a nutrient agar medium. The 
Suspension is poured into a Petri dish and allowed to solidify. The form to be in- 
vestigated (e.g. a cross) is cut from filter-paper, dipped into a/10% solution of 
HgCh, and then dried. Finally, the filter-paper figure is placed on the surface of 
the agar and the dish is incubated. The growth of the bacteria is inhibited by 
HgCl. During the period of incubation the paper figure absorbs water from the 
‘agar and the inhibitor diffuses through the medium, The diffusion of the inhibitor 
is visible in terms of the density of bacterial growth (the relationship, of course, 
being inverse), 

The results obtained with this technique are illustrated in Fig. 4. The 
paper figures appear black in the photographs since the Petri-dishes were 
interposed between the source of illumination and the camera. Zones of 


= It should be noted that there are differences among Os with respect to prê- 
threshold reports. Thus, some Os fail to see the cross as a diamond or the X as à 
square, although all report some ‘filling-in’ of the regions between the arms. 

* Casperson, op. cit, 668-681. 

? Helson and Fehrer, op. cit, 94. x 

? We are indebted for advice on the development of the model to Dr. Orville 
Wyss of the Department of Bacteriology of the University of Texas. 
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tion appear as lighter areas surrounding each figure, and regions of 

growth may be seen in the periphery. The samples of Fig. 4 
strate a number of important principles. In general, corners tend to 
., round and gaps tend to close. Under comparable conditions of diffusion, 
— small details are more readily obscured than are large details, and the 


4 "Fic. 4, RESULTS OBTAINED WITH THE PHYSICAL DIFFUSION MODEL 
movement towards circularity is more apparent for some configurations 
for others. Local effects are highly significant, as can be seen from 
Comparison of the small L (not the same L as employed in the experi- 
) and the large cross; the L is identical with the upper right quad- 
t of the cross. It should also be noted that in the case of the square 
d cross (two of the forms employed in the first experiment) evidence 


e 
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for the validity of pre-threshold reports and of their interpretation in 
terms of a diffusion process is provided. The pattern of diffusion from the 
Square approaches circularity, and the pattern of diffusion from the cross 
is at some point diamond-shaped. The diamond with invaginated sides 
produced by the large cross characteristically appears at levels of illumina- 
tion intermediate between the threshold for brightness and the threshold 
for form, 

The Osgood-Heyer model. The correspondence between the phenomeno- 
logical data of the experiment and the qualitative evidence derived from 
the physical model does not, of course, demonstrate the existence of a 
common underlying process. It is, in fact, quite possible to interpret the 
psychological findings in terms of a conception very different from that 
which stimulated the experiment. In a recent paper, Osgood and Heyer” 
have extended the statistical analysis of visual resolution by Marshall and 
Talbot** to provide an interpretation of figural after-effects which does 
less violence than that of Kóhler and Wallach to the conventional view 
of cortical functioning, and the present results may be approached in 
much the same manner. It is possible, for example, that both the qualita- 
tive and the quantitative differences between square and cross which 
emerge in threshold determinations can be understood on the assumption 
that a contour is represented by a normal distribution of excitation which 
becomes increasingly peaked as the difference in intensity at the retina 
increases, There are, however, certain difficulties which must be met 
before this interpretation can be accepted. First, the spatial effects found 
in the experiment (e.g. the ‘filling-in’ of the large cross to produce a 
diamond-shaped figure) seem to be of a larger order of raagnitude than 
those with which the Marshall-Talbot model was designed to deal. Second, 
if 'on-off' fibers are chiefly responsible for the distribution of excitation 
which represents a contour—an assumption required by the data of 
figural after-effects—and if phenomenal contour is determined by the 
maximum of the distribution, the systematic changes in shape which are 
found at low brightnesses do not seem teadily predictable. It may be 
well, nevertheless, to explore in detail the implications of the statistical 
theory which maintains a concrete but flexible linkage with traditional 
neurophysiology. 


^C. E. Osgood and A, W. H i j ter- 
effects, Pb NN Rev SM Efe Jr, A new interpretation of figural after: 
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SUMMARY 


Foveal form thresholds for luminous figures briefly exposed in a dark 
room were measured in terms of the intensity of illumination required for 
correct identification. In accordance with a diffusion model derived from 
the Kóhler-Wallach theory of figural after-effects, form threshold was 
found to vary directly with the ratio of perimeter to area and inversely 
with the magnitude of critical detail. Data on the pre-threshold appearance 
of selected forms were related to results obtained with a physical diffusion 
model. 


PERFORMANCE ON COMPLEX TACTUAL TASKS AFTER BRAIN 
INJURY IN MAN: ANALYSES BY LOCUS OF LESION 


By JOSEPHINE SEMMES, SIDNEY WEINSTEIN, LILA GHENT, 
and HANS-LUKAS TEUBER, New York University 


In man and other primates, vision is commonly regarded as the domi- 
nant sense. It is therefore not surprising that laws of perceptual organiza- 
tion have been derived almost exclusively from studies of visual perception, 
and that investigations of memory and of ‘higher’ processes (problem- 
solving) have nearly always relied on visual Presentation of material. 
Implicit in this preoccupation with vision is the assumption that findings 
in this modality can be applied to perception in general, independent of 
modality, and that students of problem-solving may safely disregard the 
visual nature of their tasks. Whether such generalizations from visual 
experience are justified is a question for empirical study rather than for 
4 priori decision. 

The problem becomes particularly important in studies of performance 
after cerebral lesions. In this area also, reliance has been primarily on 
visual tests for the demonstration both of perceptual deficits and dis- 
turbances of thought. Investigations in these fields have led to conflicting 
interpretations. Clinical reports describe visual, auditory, or tactile 
'agnosias, defined as a selective breakdown of recognition in a single 
modality (e.g. vision), in the absence of any significant.sensory deficit 
for the modality in question. It has been frequently pointed out, however, 
that the evidence presented is not adequate to establish that the disturbance 
was as selective as claimed.! The opposite tendency appears in studies of 
intellectual functions after brain injury, in which altered performance 
usually is attributed to impairment of some general capacity such as 'ab- 
straction’ or ‘categorizing.’? The tasks employed to demonstrate such a 


* Accepted for early publication January 20, 1954. From the Psychophysiological 
Laboratory, Bellevue Medical Center. This research was Supported pe by the 
Commonwealth Fund of New York and by the Office of the Surgeon General 
(Department of the Army), Contract DA-49-007-MD-312. Josephine Semmes 
served as post-doctoral fellow, U. S. Public Health Service, from 1952-1954. 

M. B. Bender and H. L. Teuber, Psychopathology of vision, Progress in Neu- 
rology and Psychiatry, 1949, 163-172; Josephine Semmes, Agnosia in animal and 
man, Psychol. Rev., 60, 1953, 140-147. 

Kurt Goldstein and Martin Scheerer, Abstract and concrete behavior: An experi- 
mental study with special tests, Psychol. Monog., 53, 1941, (No. 239), 151. 
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global change in intellectual function rely heavily on visual and verbal 
test-materials, Unless there is obvious aphasia or a gross defect of primary 
visual function in the S, the validity of these tests of such hypothetical 
capacities goes unchallenged. Subtle defects in these functions, which may 
interfere with S’s perception of, or reaction to the problem, may be insuffi- 
ciently appreciated. 

Studies of performance on complex tasks in more than one modality, 
and in patients whose primary sensory status has been explored in detail 
by quantitative rather tham clinical methods, are needed to resolve the 
issues. Our current studies on effects of penetrating brain injury in man 
afforded the opportunity for such investigations. Various ‘primary’ visual 
and tactile capacities were measured, and complex visual and tactile prob- 
lems were then given. 


Problems employing visual material have been used earlier in this laboratory for 
testing complex processes, These ‘complex visual problems’ included abstraction- 
and sorting-tests, matching-from-sample, and conditional reactions.’ The tests were 
designed to minimize the effect of aphasic symptoms by using procedures approxi- 
mating those used in animal laboratories, j.e. a series of non-verbal differential re- 
actions among alternative stimulus-objects was required. $ merely had to point at 
his choice in each of a number of trials, and solution of a problem was inferred 
from his performance rather than from verbal statement. Relatively little instruction 
of $ was needed. Preliminary analysis of the results of some of these tests indicated 
that performance was particularly vulnerable to lesions in the posterior third of the 
brain. Since this part includes the visual receptive area, as well as the so-called 
‘visual associative’ area, the question of whether the defect is restricted to com- 
merce with visual materials, or whether it is more inclusive, has special significance. 

We therefore designed tests employing tactual materials which were intended to 


ra 
* D, A. Grant and E. A. Berg, A behavioral analysis of degree of reinforcement 
and ease of shifting to new responses in a Weigl-type card-sorting problem, J, Exper. 
„Psychol, 38, 1948, 404-411; Goldstein and Scheerer, op. cit, H. F. Harlow, 
Responses by rhesus monkeys to stimuli having multiple-sign values, Studies in 
Personality, Q. McNemar and M. A. Merrill (Eds.), 1942, 105-123; Harlow, Solu- 
tion by rhesus monkeys of a problem involving the Weigl principle using the match- 
ing-from-sample method, J. Comp. Psychol., 35, 1943, 217-227; K. Ss Lashley, The 
mechanism of vision: XV. Preliminary studies of the rat's capacity for detail vision, 
J. Gen. Psychol, 18, 1938, 123-193; Conditional reactions in the rat, J. Psychol., 
6, 1938, 311.324; H. W. Nissen, J. S. Blum (Josephine Semmes), and R. A. Blum, 
Analysig of matching behavior in chimpanzee, J. Comp. & Physiol, Psychol, 41, 
1948, 62-74: Conditional matching behavior in chimpanzee; implications for the 
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D he On the psychology of so-called processes of abstraction, J. Abnorm. & Soc. 
sychol., 36, 1941, 3-33. f es 
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be logically analogous to the visual tests already in use. These tactual tests were 
given to Ss from the same populations (experimental and control) as those from 
which the Ss for the visual tests were drawn. In this way, we attempted to deter- 
mine whether performance on complex tactual tasks is as vulnerable to brain in- 
jury as is performance on complex visual tasks, and whether complex visual and 
tactual performance are independently susceptible to injury in different regions of the 
brain. The majority of the Ss took both the visual and the tactual tests. Compari- 
son of performance on the two series thus required a balanced order of administra- 
tion, some Ss taking the visual tests prior to the tactual ones, and others taking the 
two series in the reverse order. This design allowed us also to obtain data on 
transfer between the two series, and thereby to discover the effect of brain injury 
(more specifically, of brain injury in a given locus), upon tactual-visual and visual- 
tactual transfer, 


This report presents the results of the tactual series and attempts to 
evaluate the effect of locus of brain injury upon performance, A forth- 
coming publication will relate the results reported here to those of the 
analogous visual tests. Subsequent papers will deal with the brain-injured 
group subdivided by symptoms rather than by locus of injury, and with 
the relation of performance on these tests to other measures of tactual 
petception, and to general intelligence as traditionally assessed. 


MATERIAL AND METHODS 


Subjects, The Ss were drawn from the case-file of the Psychophysiological Lab- 
oratory of New York University College of Medicine. The group consists of men, 
veterans primarily of World War II, who have sustained penetrating injury to the 
brain or to peripheral nerves. The establishment of this case-file, and the relative 
advantages of studying these cases of brain wounds rather than other types of 
cerebral involvement, have been discussed in previous publications from this lab- 
oratory.’ For the purpose of longitudinal studies, casualties of the-Korean campaign 
have been added; data from a few of these men increase the heterogeneity of the 
Present sample. The tests were thus given from 1 to 10 yr. after injury, the modal 
period being about 7 yr.; the resultant symptoms, which ranged from minimal to 
severe, had become relatively stable in the majority of cases. 

_ The experimental group (N = 74) was drawn from the brain-injured popula- 
tion. The control group (N = 45) consisted of veterans with injuries to peripheral 
nerves of the arm or leg. The general comparison was between the performances 
of these two Broups. Further comparisons were made of the various sub-groups of 
the brain-injured Ss, with each other-and with the controls, as indicated in the fol- 
lowing paragraphs, 

In the brain-injured group, the fact of Penetration into the cerebral substance was 
established by review of foentgenographic and surgical records, The evidence was 
not sufficient to warrant a distinction between superficial and deep injury, nor could 
we venture to estimate relative extent of lesion. We did, however, infer the ap- 


* Teuber, Battersby, and Bender, op. cit. 413-429. 
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proximate locus of lesion in the forebrain from the wound of entry, from retained 
foreign bodies, and from reports of observations made at debridement. Table I 
shows the distribution of the experimental group by locus of lesion. 

For the purpose of comparison with the results of the visual tests already re- 
ported, the total brain-injured sample was subdivided into groups on the basis of 
antero-posterior locus of lesion, j.e. whether the anterior, intermediate, or posterior 
sector was damaged. The present classification differs from the preceding one, how- 
ever, in that the Ss’ were mot separated into three mutually exclusive categories, ac- 
cording to which sector was predominantly involved. For the study here reported, an 
$ was classified as belonging to a given lesion-group if there was any damage to 
the sector in question. Since many of the lesions were not located within one sector, 
this scheme resulted in groups which were not mutually exclusive. Because of this 


TABLE I 
Disrrrsution or 74 Bratn-Inyurep Ss BY Locus oF Leston* 

Groups Bilateral Unilateral Left Right 
Anterior 15 17 23 24 
Non-anterior 10 32 26 26 
Intermediate 15 28 25 29 
Non-intermediate E 21 25 20, 
Posterior 13 29 30 25 
Non-posterior 12 20 20 24 
Frontal 1] 20 28 26 
Non-frontal 8 29 22 23 
Temporal 10 19 19. 28 
Non-temporal 15 30 31 Bo 
Parietal n 25 25 24 
Non-parietal 13 24 25 25 
Occipital 10 16 15 21 
Non-occipital 15 3 32 31 


* It should be noted that each ing was made independently of the others. For exam- 
ple, although 10 of the Ss in pue group were classified as Bilateral, they did not 
te ew have lesions to both temporal lobes. The contralateral lesion might be to any o 

ie four lobes. 


Overlap, these groups were not compared directly with each other. Instead, each 
Was compared with a non-overlapping group composed of all brain-injured Ss 
without damage to the given sector. 

Other analyses were made in terms of the lobe of the brain which was damaged, 
involvement of one or both hemispheres, and laterality of lesion, The principle of 
grouping for each analysis was analogous to that outlined in the preceding para- 
Braph. Since an S simultaneously represented many parameters, it was not possible 
to equalize the number of Ss within each group. A random sample of maximal size 
for each comparison was therefore drawn from each subgroup. ! 

Comparisons were made by means of analyses of variance. The following analyses 
Were performed: 

(I) Overall comparison: Controls vs. Brain-Injured. (II) Analyses by antero- 
Posterior locus of lesion: (A) Controls vs. Anteriors vs. Non-Anteriors; (B) Con- 
trols vs. Intermediates vs. Non-Intermediates; (C) Controls vs. Posteriors vs. Non- 
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Posteriors. (III) Analyses by lobe injured: (A) Controls vs. Frontals vs. Non- 
Frontals; (B) Controls vs. Parietals vs. Non-Parietals; (C) Controls vs. Temporals 
vs. Non-Temporals; (D) Controls vs. Occipitals vs. Non-Occipitals. (IV) Analyses 
by laterality of lesion: (A) Controls vs. Lefts vs. Non-Lefts; (B) Controls vs. 
Rights vs. Non-Rights. (V) Analysis by involvement of one or both hemispheres: 
Controls vs, Bilaterals vs. Unilaterals, 

Grouping according to antero-posterior locus of lesion. The lesions were plotted 
on diagrams of the lateral views of the cerebral hemispheres. A line drawn at the 
level of the greatest longitudinal linear extent of the brain was divided into thirds, 
and perpendiculars were erected at the points of trisection. The brain was thus 
divided into anterior (a), intermediate (/), and posterior (p) sectors. An S was 
designated as an a if his lesion was completely within the anterior portion, as an 7 
if his lesion was completely within the intermediate portion, and as a p if his 
lesion was completely within the posterior portion. He was called an ai if his lesion 
overlapped the boundary between the a and ; subdivisions, and an ip if his lesion 
overlapped the boundary between and p subdivisions. If the lesion extended into 
all three sectors, he was called an aip. 

All Ss with injuries to the anterior sector (a, ai, and aip) collectively constituted 
the Anterior Group. All brain-injured Ss without anterior lesion made up the Non- 
Anterior Group (i, ip, and p). All Ss with injuries to the intermediate sector 
(i, ai, ip, and aip) collectively constituted the Intermediate Group. The Non- 
Intermediate Group was made up of all brain-injured Ss without intermediate lesion 
(a and p). All Ss with injuries to the posterior sector (b, ip, and aip) collectively 
constituted the Posterior Group. The Non-Posterior Group was composed of all $s 
without injury to the posterior sector (a, ai, and /). 

Grouping according to lobe injured, Subdivision of the brain into lobes was 
made according to conventional diagrams, The principle followed in this and sub- 
sequent groupings was analogous to that outlined in the preceding section. An $ 
was designated an F if his lesion fell completely within the frontal lobes, a T if 
his lesion was completely within the temporal lobes, a P if his lesion was com- 
pletely within the parietal lobes, and an O if his lesion was completely within the 
occipital lobes. He was called an FT, if his lesion overlapped the boundary between 
frontal and temporal lobes, and the letter-designations were combined appropriately 
to represent other lesions encroaching upon more than one lobe. The Frontal Group 
was made up of F, FT, FP, FTP, and FT. PO—although other combinations are 
theoretically possible, they did not occur in our sample, The Non-Frontal Group was 
composed of T, TP, P, TO, PO, and PTO. The Parietal and Non-Parietal Groups, 
the Temporal and Non-Temporal Groups, and the Occipital and Non-Occipital 
Groups were constituted in an analogous way. 

Grouping according to involvement of one or both hemispheres. Ss with lesions 
to the ‘right hemisphere alone were designated r, those with lesions to the left 
hemisphere alone were called ], and those with bilateral lesions were called 7/. 
The Unilateral Group was made up of r and /, and the Bilateral Group of rl. 

Grouping according to laterality of lesion, The Right Group was composed of all 
Ss whose right hemisphere was damaged (r and rl), and the Non-Right Group 
was composed of all brain-injured without right hemisphere involvement (/). The 
Left Group was made up of / and rl; the Non-Left Group of r. 
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Conditions. The tactual tests were given to an S under one of two different con- 
ditions selected in a random fashion. In Condition I, the Ss were naive with respect 
to the kind of problems they were required to solve, i.e. they had not been given 
the analogous complex visual tests. In Condition II, the Ss had previously taken the 
visual tests. The time between administration of the visual and tactual tests varied 
from within the same day to over a year, but the factor of intervening time was 
not differential among the various groups. Most Ss were given all five visual tests 
before the tactual tests, or conversely, all five tactual tests before the visual tests. 
There were exceptions to this general rule, but the factor of amount of prior experi- 
ence with the visual problems was also not differential among the groups. In these 


8 


Fic, 1. $'s View OF THE Box USED IN ALL THE "TESTS 


$ reached beneath and behind the curtain to feel the stimulus-objects 
on the floor of the box. 


aving been tested under Condition II for a 


exceptional cases, $ was counted as hi à ae 
analogue, an 


particular tactual test if it had been preceded by its visual 
Condition I for other tactual tests which were not so preceded. ^ 

Tests. For all the tactual tests, sight of the test-materials was excluded by placing 
the stinfulus-objects in a wooden box, the front of which was covered by a black 
cloth curtain (Fig. 1). $ reached behind the curtain to feel and manipulate the 
Stimulus-objects, 

Each test was composed of a series of trials, a tri of 
two or three stimulus-objects, one of which was correct. The position of the correct 
object varied from right to left in a predetermined order, which was random except 
that the correct object was not on the same side for more than three consecutive 
trials. Trials were continued either until the criterion of success (10 consecutive 


al consisting of a choice among 
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errorless trials) was met, or until a specified number had been given. In general, 
S was informed only that he must make a choice between the objects in the box, 
that he would be told after each choice whether he had chosen correctly, and that 
when he ‘got the idea’ he could select the correct object every time. If 5 failed to 
achieve the criterion, the principle by which the correct object on a given test could 
always be selected was explained to him, Care was taken that he understood the 
explanation by having him apply the principle on several additional trials. 

A description of the tactual tests follows, These five tests were, in the majority of 
cases, given in the order in which they are described. 

Abstraction. This test was composed of three subtests, each consisting of 10 
trials. In each subtest, $ had to discover a common quality among the 10 correct 
objects which differentiated them from the incorrect ones. 

On the first subtest, each trial offered a choice between two common objects, 
one of which was longer than the other. S's responses were correct if he selected 


Fic. 2. EXAMPLE OF ONE TRIAL IN THE ABSTRACTION-TEST 
The correct response is to choose the longer of the two objects, 
in this case the pencil. 
LÀ 
Fic, 3. ONE TRIAL IN THE GENERALIZED MATCHING-TEST 
The correct object is identical with the middle object—the sample. 


the longer one. The longer objects (e.g. pencil, toothbrush, knitting needle, knife) 
varied from approximately 10-20 cm. in length, and the shorter ones (e.g. spool, cork, 
key, thimble) varied from 1.3 to 3.8 cm. in length. Fig. 2 shows an S being given this 
test. The second subtest required $ to select soft objects (e.g. powder puff, rubber 
ball, sponge, piece of fur) in contrast to hard objects (e.g. coin, pencil, nail, wooden 
bead). The third subtest opposed metal objects (e.g. nail, key, spoon, coil of wire) 
and objects made of other materials (e.g. cork, bottle, piece of cloth, plastie fork); 
the metal objects were correct. The instructions to the Ss were as follows: 

Put both your hands behind the curtain into the box. I will give you two objects 
at a time, one in each hand. One of the objects from each pair is correct, and the 
other incorrect. All the correct objects are alike in some way. I want you to find 
out how to select the Correct object every time. Just guess on the first trial. After 
you find out which object of the first m is correct, pick things that are similar 


to it in the subsequent pairs. You will told after each choice whether you were 
right or wrong. 


“a 
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‘At the end of each of the subtests, $ was asked to describe the basis on which his 
selections had been made, If he had not discovered the’ correct principle, it was 
explained to him. The instructions and procedure for the second and third sub- 
tests were similar. The visual analogue of the tactual abstraction test was the visual 
abstraction test, previously referred to as ‘equivalent and nonequivalent stimuli,” 

Generalized matching-from-sample, Each trial consisted of a choice of one among 
three objects, two of which were exactly alike, and the other different from the pair. 
The objects used were pencils, bottles, corks, paper clips, locks, keys, nails, tooth- 
brushes, sponges, and beads. The alternatives in each trial might be two pencils 
and a bottle, two bottles and a pencil, or other similar combinations. Each object 
was placed in a separate compartment of a divided tray. One of the pair of identical 
objects was always placed in the middle compartment; it served as the sample, and 
the object which matched it was the correct one. If S chose the middle object, or 
the odd object, the response was incorrect. Fig. 3 shows an $ taking this test. The 
test was terminated when S reached the criterion of 10 consecutively correct re- 
sponses, or, failing that, after the first error following 39 trials. 

For this test $ used only one hand. In the brain-injured group, the hand opposite 
the cerebral lesion (or the major lesion, if both hemispheres were involved) was 
used.’ In the control group, either hand was used. The instructions were essentially 
as follows: 


Put your right (or left) hand into the box, On the floor of the box there are three 
compartments with an object in each. One of the objects is the correct one, and the 
other two are incorrect. I want you to find out how to select the correct one out 
of each set of three objects you will be given. You will be told after each choice 
whether you were right or wrong. 


The visual analogue of the tactual Generalized Matching test was the visual achro- 
matic matching test (described in a forthcoming paper). l 

Conditional matching-from-sample. As in the preceding test, each trial consisted 
of a choice of one among three objects. The sample (middle) objects, however, 
resembled bothof the other objects; it was like one of them in surface texture, and 
like the other in weight. S’s responses were correct if he shifted from one to the 
other basis of matching in accord with the conditional cue (size of the objects), 
ie. when the discriminanda were large the correct choice was the object resembling 
the sample in surface texture, and when the discriminanda were small the correct 
choice was the object resembling the sample in weight. j 

The test-objects were two sets-of bottles, large and small. Each set consisted of a 
rough, heavy bottle; a smooth, heavy bottle; a rough, light bottle; and a smooth, 
light bottle. The large bottles were 12.1 cm. high and 5.1 cm. in diameter; the 
small bottles were 7.6 cm. high and 3.8 cm. jn diameter. A rough surface was ob- 


tained” by covering the sides of the bottles with sandpaper (80 grains to the linear 


* Teuber, Battersby, and Bender, oP. cit., 413-429. APA: 

"There were aid cases of hemiplegia ind uded in the breincinjunes. mane 
These Ss used the unaffected, or less ected, hand. Their yia ny us Um 
when the data are analyzed by symptom-groupss they are included here on 
the presence or absence of sensory OF motor defect was not a major considerati 


in the present analysis by locus of lesion. 
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inch) ; the smooth surface was the uncovered glass of the bottle. The heavy bottles 
weighed 535 grm., and the light bottles weighed 170 grm. 

The bottles used on a single trial were all taken from the same set (i.e. either 
all three were large or all three were small). In Trials 1-8, only the large bottles 
were used; in Trials 9-16, only the small bottles; in Trials 17-24, only the large 
ones again; in Trials 25-32, only the small ones again. Trials with the large bottles 
or with the small bottles were given in random order for the remaining eight trials, 
Sample trials with the large bottles and with the small bottles are shown in Fig. 4. 


Fic. 4. CONDITIONAL MATCHING-TEST 
When the large bottles are Presented, the correct response is to choose the one 
resembling the middle object in surface texture. When the small bottles are pre- 
sented, $ must choose the one resembling the middle object in weight. 


All 40 trials were given to all 5s, regardless of level of performance. The $ used 
only one hand to palpate the stimulus-objects. The hand to be used was determined 
as previously described for the generalized matching test. The instructions were 
essentially as follows: 


Put your right (or left) hand into the box. You will feel the three compartments 
again, with an object in each, As in the last test, one of the objects is correct, 
and the other two are incorrect. The middle object is never the correct one, but it 
has something to do with the solution to the problem. So, on each trial you must 
po up and feel all three objects carefully before you make your choice, You will 

€ told after each choice whether you were right or wrong. 


The visual analogue of this test was the chromatic matching test (described in a 
forthcoming report). 

Conditional reaction. This Problem required a choice between two stimulus- 
Objects, the correct one Varying from trial to trial in accord with the conditional 
cue. The stimulus-objects were a cork (4.4 cm. high, tapering from 2.5 to 3.2 cm. 
in diameter) and a wooden cube (3.5 cm. on a side). The conditional cue was the 
orientation of an aperture through which $ reached into the box containing the 
stimulus-objects. If the long axis of the aperture was horizontal, the cork was cor- 
tect (Fig. 5). For this test the front of the box was fitted with a removable wooden 
wall, in which there was a Square window. This window could be covered by either 
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one of the two sliding panels, one of which contained the horizontally-oriented aper- 
ture, and the other the vertically-oriented aperture. For most Ss, an aperture of 14 cm. 
by 5.1 cm. was adequate to enforce proper orientation of the wrist. In a few instances, 
where the S's wrist was unusually large or small, the width of the aperture was 
adjusted appropriately. The stimulus-objects were fastened to a small turntable, in 
order to facilitate changing their position from side to side. 

The test consisted of 60 trials; it was terminated when S reached the criterion, 
or at the first error after 59 trials. The 5 used only one hand (the same hand as used 


Fic. 5. CONDITIONAL REACTION-TEST 


When the aperture through which S reaches is horizontally oriented, the correct 
choice is the cork, When the aperture is vertically oriented, the cube is correct. 


in the preceding two tests) to touch and manipulate the stimulus-objects. The in- 


structions were essentially as follows: 

Put your right (or left) hand into the box. You will feel two objects on the 
floor of the box® On each trial, one of them is correct and the other incorrect. I want 
you to find out how to select the correct object every time, You will be told after 
each choice whether you were right or wrong. 


The visual analogue óf this test was the visual conditional reaction (described in a 


forthcoming report). 

Sorting. This test required S to sort objects on the basis of kind, number, and 
length, and to shift from one to another principle of classification as E indicated. 
The objects used were pieces of wife, strips of cardboard, and pencils. One, two, 
or three objects of a given kind might be presented for S to classify. Three lengths 
of each of the objects were used, 5.1, 9.5, and 19.4 cm. phar 

S was first allowed to examine tactually the three ‘models,’ each model differing 
from the other two in the kind of object used therein, in number of objects, and 
in length of objects. The first model consisted of one short piece of wire; the 
second, of two medium-sized strips of cardboard; and the third, of three long 
pencils. The test consisted of 42 trials, on each of which $ was given an object 
(or two or three identical objects) and asked to indicate with which of the models 


it belonged. On Trials 1-7 and 29-35, the correct response Was to sort the objects 
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according to their kind, i.e. to place wire with wire, cardboard with cardboard, 
and pencil with pencil, disregarding number and length. On Trials 8-14 and 22-28, 
the correct response was to sort objects according to their number, i.e. to place 
groups of objects equal in number together, disregarding their kind and length. On 
Trials 15-21 and 36-42, the correct response was to sort objects according to their 
length, £e. to place short objects with short objects, medium-sized objects with 
medium-sized ones, and long objects with long ones, disregarding their kind and 
number. In Fig. 6, S is Sorting according to length. 

The models were presented in the three compartments of a divided tray. They 
remained in place during the entire test. $ felt the models with one hand and 


Fic. 6. SoRTING-TEST 


The S is shown sorting according to 
length, 


received the objects to be classified with the other. The hand receiving the test- 
objects was the same as that used in the preceding three tests. The instructions were 
essentially as follows: 9 

Put both your hands into the box. With your right (or left) hand, you will feel 
three compartments with some obje X ve ) 2. 
objects, you will be given other o jects in your left (or right) hand, and asked 
to indicate in which compartment they might belong. You might put them in one 
compartment for One reason, and into another compartment for an equally good 
reason. For example, if you were sorting a deck of playing cards, you might put the 


The visual analogue of the tactual Sorting test was the modified Wisconsin sorting 
test. 
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RESULTS 


eneral comparison. The series of tactual tests differentiated between 
ontrol and Brain-Injured groups beyond the 149-6 level of confidence. 
Figs. 6 through 11 the scores of these groups (and of the various sub- 
oups of the brain-injured sample) for each test and condition are 
hown. Table II summarizes the analyses of variance. Condition II (in 
ich the Ss had previous experience with analogous tests employing 
ual materials) yielded a significantly higher score than Condition I 
ive Ss), thus indicating positive transfer. The difference between tests 
also highly significant, but there was no evidence in this analysis 
‘that the discriminative power of the tests differed one from another or 


TABLE II 
7 Summary or ANALYSES OF VARIANCE 


— Each column shows the values of F derived from a separate analysis. 1, Controls vs. Brain- 
jured; 2, Controls vs. Anteriors vs. Non-Anteriors; 3, Controls vs. Intermediates vs. 
"Non-Intermediates; 4, Controls vs. Posteriors vs. Non-Posteriors; s, Controls vs. Frontals vs. 
Non-Frontals; 6, Controls vs. Parietals vs. Non- ietals; 7, Controls vs. Temporals vs. 
"Non Temporals; 8, Controls vs. Occipitals vs. ‘Non-Occipitals; 9, Controls vs. Bilaterals vs. 
Unilaterals; 10, Controls vs. Lefts vs. Non-Lefts; 11, Controls vs. Rights vs. Non-Rights. 


Source 1 a 3 4 5 6 e 8 9 10 qm 

Between groups 19.4% s.18p 6.36f 6.14] 6.92% 7.97% g.19% 3.28f 3.59f 3.60] 5.36 
conditions Ort sal 23d] E 7M da 10.03} Ded apt uni 10.48! 

reen tests 20.65* 24.86% 26.23 RS * 31.79* 31-50% 19.64 E 26.20* 26.28* 31,12) 

I Groups X conditions roy raj 3.60 1.82 O40 3.06t HS s 163 215 
eX tests a aig nl Sige do 9i Ones QNOD EIS AREIS OU Duas 0.87 

tions X tests. 1.35 2.761 2.50f 2.94] 2.03 xu 4-46 4.94* 2-04 2:33 sat 
psXconditionsXtests 1.81 1.20 1.57 1.26 a.o} 1.18 0.44 T.H 0.54 0.67 0.95 


* Significant at the o.1 level of confidence. 
Significant at the 1-% level of confidence. 
Significant at the 5-% level of confidence. 


i % 
“that the effects of the conditions were differential among the tests. The 


_ order of difficulty of the tests, from easiest to most difficult, was Abstrac- 
= tion, Generalized Matching, Conditional Matching and Sorting (for which 
the mean scores were identical), Conditional Reaction, The mean score 
- for each test (all groups and conditions combined) was significantly dif- 
| ferent from that of every other, with the exception already noted, Inspec- 

tion of the range of scores in the various groups indicated that the vari- 
ances of the brain-injured and contro] groups were approximately the 
same. Any slight difference in the variances might decrease the power of 
| the tests to detect differences, but would not vitiate our positive findings.* 


Analyses of brain-injured subgroups. Analyses by antero-posterior locus 


WF G. Cochran, Some consequences when the assumptions for the analysis of 


variance are not satisfied, Biometrics, 3, 1947, 22-58. 
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of lesion, by involvement of one or both hemispheres, and by laterality of 
lesion yielded no significant differences between the brain-injured sub- 
groups. Analyses by lobe injured, however, showed that the group with 
injury to the temporal lobe made a significantly poorer mean score 
(5-96 level of confidence) than that of the brain-injured group without 
temporal lesion. No other division of the total brain-injured sample pro- 
duced a significant difference among the mean total scores of the resulting 
subgroups. Consideration of the number of analyses made, and the level 
of significance obtained in this Case, suggests that this result should be 
regarded as hypothetical only, 

The performance of the Control Group was significantly superior to 
those of all brain-injured subgroups with two exceptions: the scores of 
the Unilateral Group and of the Non-Left Group (Ss with lesion of the 
right hemisphere alone) did not differ significantly from that of the Con- 
trols. The Unilateral Group, however, was not significantly superior in 
score to the Bilateral Group; nor was the Non-Left Group significantly 
superior to the Left Group. 

Although the main effects (of groups, conditions, tests) were significant 
in all analyses, the interactions of these variables were in most cases not 
significant. Only in one analysis could we infer that the brain-injured 
subgroups benefited unequally from experience with the visual tests, When 
the total brain-injured sample was divided into subgroups with and with- 
out lesion of the parietal lobe, Condition II placed the Parietal Group 
at a significant disadvantage to both of the other groups, Controls and 
Non-Parietals (149-% level of confidence in the Parietal-Control com- 
parison, and just short of the 2-% level in the Parictal-Nos-Parietal com- 
parison). The Parietal Group was not significantly different in score from 
either of the others in Condition I. Of these three groups, the Parietals 
alone showed no significant elevation of scores after experience with the 
visual tests, 

When Conditions I and II were combined, no test was significantly 
more effective than any other in differentiating the groups. The inter- 
action of Broups, conditions, and tests was, however, significant in the 
analysis of Controls vs, Frontals vs. Non-Frontals. Further examination 
of the individual tests under each condition showed that the group with 
lesion of the frontal lobe was significantly inferior to the brain-injured 
Stoup without frontal lesion (and to the Controls) on Conditional Match- 
ing in Condition II. No other significant differences among brain-injured 
subgroups were found. . 


4 


E 
| 
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DISCUSSION 

This study explores the differential effects of locus of brain injury 
upon solution of problems perceived through the sense of touch. The 
factual tests were designed to compare the results, in. brain-injured and 
normal groups, with those obtained on an approximately parallel series of 
visual problems. The finding of significant improvement in score on the 
tactual tests after experience with the visual tests suggests that the two 
series were perceived as similar by the Ss. The transfer from one modality 
to the other was, however, far from perfect, indicating that the perceptual 
similarity of the tests was not as great as the similarity of their logical 
structures would lead one to expect. 

The series of tactual tests differentiated the total brain-injured group 
from the controls at a high level of confidence, In search of a more spe- 
cific localization of the deficit in the brain-injured group, we divided the 
group in several ways: by antero-posterior locus of lesion (anterior, inter- 
mediate, posterior), by lobe injured (frontal, parietal, temporal, occipital), 
by involvement of one or both hemispheres (bilateral, unilateral), and by 
laterality of lesion (left, right). ; 

Preliminary analyses of the results of the analogous visual tests had 
indicated that "patients with posterior lobe lesions exhibit the poorest 
performance, those with anterior penetrations are somewhat. better, and 
those with intermediate lesions do best."? The results of the tactual series, 
in contrast, show no hierarchy of performance in terms of antero-posterior 
locus of lesion. The controls were significantly superior to all such sub- 
groups of the brain-injured, and no subgroup was significantly inferior to 
any other. & 

Analyses by lobe injured, however, suggested that lesion of the tem- 
poral lobe may produce poorer scores than other cerebral injuries. These 
results recall earlier findings in monkeys which imputed some rôle in 
tactual function to the temporal Jobes.1° In the complex tactual tasks as 
described here for man, temporal lesion was not, however, the only factor 
making for poor performance. The group without temporal lesion was 
also significantly inferior to the controls. 

Analyses by involvement of one or both hemispheres and by Jaterality 
of lesion suggest other relevant variables, Neither the total group with 


* Teuber, op. cit., 259-262. 
* J, S. Blum, Coitical organization in somesthesis. Comp. Psychol. Monog. 20, 
195i, 219-249; J. S. Blum, K. L. Chow, and K, H. Pribram, A behavioral analysis 


of the organization of the parieto-temporo-preoccipital region, J. Comp, Neur., 


93, 1950, 53-100. 
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+ 
unilateral lesion nor the group with lesion to the right hemisphere " 
had mean scores significantly different from the controls, Deficit cannot 
be ascribed wholly to bilaterality or to left-sided lesion, however, because 4 
neither of these lesion-groups differed significantly from the remainder. - 1 
of the brain-injured Ss. Inspection of the composition of the Temporal 
and Non-Temporal groups shows that the effects of laterality and of bi- g 
laterality were not confounded with those of lobe. Moreover, although. 
we made no statistical comparison of the means of unilateral right andi 
unilateral left temporal lesion-groups, it is of interest that the means of 
these groups differed by only one point. : 

The relation of our findings to those of other investigators who have 
studied the effects of temporal lobe lesion in man is uncertain. To our | 
knowledge, the only tactual problem heretofore used in such investigations” 
is the formboard. Hebb described a patient with right temporal lobectomy 
to whom he administered this test for the purpose of comparison with 
performance (non-language tests) based upon vision." He noted that 
"the patient was if anything worse in non-visual than in visual perform- 
ance, by comparison with normal subjects.” Recently, Milner!? and Teuber 
and Weinstein? have duplicated Hebb’s results with a large number of - 
cases, but have further shown that this defect does not occur after lesions — 
of the left temporal region, 

Riopelle, Alper, Strong, and Ades; using a series of visual discrimina- 
tion tasks, found that monkeys with lesions of the temporal lobes are 
deficient in the formation of ‘learning sets.!5 The question might there- 
fore arise as to whether the low mean score of our groups with temporal o 
lesion was dependent particularly on lack of transfer from the visual 


AIDE Hebb, Intelligence in man after large removals of cerebral tissue; de- 1 
fects following right temporal lobectomy, J, Gen. Psychol., 21, 1939, 437-446. 

_. Brenda Milner, Intellectual effects of temporal lobe damage in man, Unpub- 
lished Ph.D. dissertation, McGill University, 1952, 

k Personal „Communication. R 

zie J. Riopelle, R, G. Alper, P. N, Strong, and H. W. Ades, Multiple dis- 
crimination and patterned string performance of normal and temporal-lobectomized 
Pies J. Comp. & Physiol, Psychol., 46, 1953, 145-149, 


- F. Harlow, The formation of learning sets, Psychol, Rev., 56, 1949, 51-65. 
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opportunity to investigate intermodal transfer in normal and brain- 
injured groups. 

Although transfer from one modality to the other was not measured 
directly, differential effects of the order of administration of the tests 
could be inferred when the interaction of groups and conditions was sig- 
nificant in the analyses of variance. Since this interaction was not signifi- 
cant in our general analysis, we cannot conclude that the brain-injured 
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Fic. 7. MEAN PERCENTAGE SCORES ON ALL TESTS COMBINED FOR THE CONTROLS, 
THE TOTAL BRAIN-INJURED GROUP, AND THE Various BRAIN-INJURED 
% SUBGROUPS INDICATED 


Before averaging, the scores of all tests were converted to their proportional values 

on a common scale, with 50% representing a chance score and 100%, representing 

etrorless performance. The score for Condition I is shown by stippling, and that 
for Condition II by cross hatching. 


group as a whole benefited less than the controls from experience with 
the visual tests. Analyses of brain-injured subgroups, revealed, however, 
that the group with lesion to the parietal lobe, in contrast to the controls 
and tq the remainder of the brain-injured group, showed no significant 
elevation of scores after having taken the visual tests. Consistent with 


. “It may be seen in Fig. 6 that the absolute amount of improvement was similar 
in the Parietal group and in the Left group. The lack of significance of the group- 
condition interaction in the analysis of Controls versus Lefts versus Non-Lefts does 
not, however, allow the inference of differential transfer among these groups. It is 
Possible that the effects’ of parietal and of left-sided injury interact, 7.6, that only 
Ss with injury to the left parietal lobe have especial difficulty in transfer, Inspec- 
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this defect in transfer was the finding that the group with parietal lesion 
was significantly inferior not only to the controls but also to the comple- 
mentary brain-injured group in Condition II (visual tests given prior to 
tactual tests). Comparison of the amounts of improvement in the sub- 
gtoups with and without lesion of the intermediate sector (a division 
„which splits the parietal lobe) Suggests that the posterior parietal region 
is of greater importance than the anterior, for transfer in the Intermediate 
group was considerable and approached significance. Whether the defect 
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Fic. 8. MEAN PERCENTAGE SCORES (CONVERTED) ON THE ABSTRACTION-TEST 


shown by the Parietal Group reflects inadequacy of concepts derived from 
visual experience, or difficulty with their application to tactual materials, 
remains a problem, Reanalysis of the visual tests, with similar subgroupings 
to those used here, may clarify the issue. Discussion of evidence for rela- 
tive vulnerability of visual and tactual performance to brain injury in man 
likewise will be Postponed until additional information on the visual tests 
becomes available, 

A final comment should be made with regard to ‘subdivision «of the 
brain-injured sample by locus of lesion. Grouping according to antero- 
posterior locus, as used in this laboratory, has proved useful in revealing 
significant differences between Ss with field-defects (posterior lesions) and 
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Fic, 10, MEAN PERCENTAGE SCORES (CONVERTED) ON THE CONDITIONAL 
E MATCHING-TEST 
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FiG, 11. MEAN PERCENTAGE SCORES (CONVERTED) ON THE CONDITIONAL 
REACTION-TEST 
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Fic. 12. MEAN PERCENTAGE Scores (CONVERTED) ON THE SoRTING-TEST , 


PERFORMANCE ON TACTUAL TASKS AFTER BRAIN INJURY 239 


those with anterior lesions. In the present study, however, grouping by 
lobe injured appeared to generate more information. We recognize that 
each lobe is heterogeneous with respect to function, structure, and con- 
nections. Finer subdivisions are unsuited to our material, however, and 
designation by lobes, although admittedly artificial, makes our results 
more readily comparable to those of others. 


SUMMARY 


Problems employing exclusively tactual materials were presented to a 
group of Ss with traumatic brain injury and to an appropriately matched 
control group. These problems included abstraction and sorting tests, 
generalized matching-from-sample, conditional matching, and conditional 
reaction, Their solution depended upon principles which were similar to 
those employed in an analogous group of visual tests. The tactual series 
was given either preceding the visual series (Condition I) or subsequent 
to it (Condition II). . 

Condition II yielded a significantly higher score than Condition I, thus 

showing some degree of positive transfer from one modality to the other. 
The tactual tests differed significantly among themselves in level of diffi- 
culty, The order of difficulty, from least to most difficult, was Abstraction, 
Generalized Matching, Conditional Matching and Sorting (for which 
the mean scores were identical), Conditional Reaction, 
; The performance of the brain-injured group as atwhole was significantly 
inferior to that of the controls. The total brain-injured group was then 
subdivided according to locus of lesion in the following ways: by antero- 
Posterior locus bf lesion (anterior, intermediate, posterior) by lobe injured 
(frontal, parietal, temporal, occipital), by involvement of one or both 
hemispheres (bilateral, unilateral), and by laterality of lesion (left, right): 
The performance of each of these subgroups was analyzed in relation to 
those of the controls and of a complementary subgroup consisting, in each 
Case, of the remainder of the brain-injured 5s. The controls were signifi- 
cantly superior in score to all subgroups with two exceptions, the group 
With unilateral lesion of either hemisphere and the group with lesion to 
the right hemisphere alone. Neither of these subgroups, however, was 
Significantly superior to the remainder of the brain-injured Ss. — . 

The hypothesis that locus of brain injury is not a significant differential 
factor in performance-decrement cannot be rejected, except possibly for 
injury to the temporal, region. The mean score (tests and conditions com- 
bind) of the group with injury to the temporal lobe was significantly 
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lower than that of the brain-injured group without temporal lesion. No 
other division of the total brain-injured sample produced a significant 
difference among the resulting subgroups. 

Elevation of scores after experience with the analogous visual tests 
was not significantly less in the brain-injured group as a whole than in 
the controls. When the total brain-injured sample was divided into groups 
with and without lesion to the parietal lobe, however, the group with 
parietal lesion showed no significant transfer effect, in contrast to the 
controls and to the remainder of the brain-injured. In Condition II the 
performance of the parietal group was significantly inferior to the con- 
trols and to the brain-injured group without parietal lesion. In no other 
analysis could we infer that the order of administration of the tests had 
differential effects dependent upon locus of brain lesion. 


ON THE COMBINATION OF ASSOCIATIVE PROBABILITIES 
IN LINGUISTIC CONTEXTS 


By Davis Howes, Aero Medical Laboratory, Wright-Patterson AFB, 
and CHARLES E. Oscoop, University of Illinois 


It is a commonplace that meanings of words depend upon the contexts in 
which they occur. This dependence sets a fundamental problem in the 
psychology of language: calculation of the psychological effects of a word 
in its context from the individual properties of the word and of the con- 
textual elements. Recognizing a conventional distinction between the lin- 
guistic and non-linguistic contexts of a person's speech, we may conven- 
iently subdivide the former into (a) the homogeneous linguistic context— 
the context provided by his own previous language behavior; and (b) the 
heterogeneous linguistic context—that provided by the utterances of other 
persons in his environment. Recent work by Shannon has provided a sta- 
tistical model for describing certain problems of homogeneous sequences 
and has stimulated several experimental studies in that area.? In the present 
paper we shall be concerned solely with heterogeneous linguistic contexts ; 
ie, with the prediction of the language behavior of an experimental sub- 
ject from the language behavior of another person in his environment. 

For experimental purposes we take a sequence of four words spoken by 
an experimenter (E) and measure as a dependent variable the probability 
that a given wótd will be emitted as an association to the last word of the 
sequence, This is a modified form of the conventional word-association 
experiment. Since the sequence is spoken by E, the properties of the words 
constituting it can be controlled as independent variables. The strengths of 
the associative effects of each of the first three words of the sequence upon 
the subject’s (S's) response to the fourth word is the property investigated 
in the following experiments. Three studies will be reported. If we desig- 
nate the first three words of the four-word sequence as the context and the 
fourth word as the test-word, the independent variables defining the three 


Accepted for publication October 23, 1952. 

ACR: Shannon A mathematical theory of communication, Bell Syst. Tech. J., 27, 
1948, 379.423, 633-656; G. A. Miller and J. A. Selfridge, Verbal context and the 
recall of meaningful material, this JOURNAL, 63, 1950, 176-185; E. B. Newman, The 
Pattern of vowels and consonants in various languages, this JOURNAL, 64, 1951, 
bu S E. Shannon, Prediction and entropy of printed English, Bell Syst. Tech. 

» 30, 1951, 50-64. 
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experiments are as follows: (1) interposition—the number of stimulus- 
words separating a given contextual word from the test-word; (2) density 
—the number of contextual: words having similar associative effects; 
(3) frequency of occurrence—the number of times a contextual word 
occurs in a general sample of the language under study. Since the experi- 
ments attempt to predict the probability that a particular association will be 
emitted following stimulation with a sequence of words from knowledge 
of its probability following single words, these studies take the general 
form of experiments on the combination of word probabilities. 


Definitions and symbols. From the above description it can be seen that the basic 
idea requiring definition is that of the probability of a word occurring as an associa- 
tion. For the general case we can define the associative word-probability Piya, +++ im 
(4s, is.. . in) for two populations of subjects U and W as the limiting relative 
frequency with which the sequence of words 4, is, . . . ,/ is emitted by population 
U following the emission of the sequence of words Ip fey + + + Ím by population w. 
To give the definition experimental meaning, certain boundary conditions have to 
be specified. First, prediction will be attempted for the probability of only the first 
word of the sequence of associated words, /; (which can therefore be written simply 
as 7). Similarly, only sequences of four stimulating words j will be considered. The 
stimulating population W^ will be a single person (one of the Es), and the associ- 
ating population U will consist of a class of college students. One other very im- 
portant condition must be specified viz. the instructions given the Ss. These are, 
briefly, to associate only to the final word of the stimulating sequence. This final 
word will therefore be called the test-word and will be designated je. The entire 
sequence of four stimulating words, called a word-set, will be written jn jaja je t 
indicate the special emphasis placed on the test-word by the instructions. The three 
words that precede the test-word constitute a context. The form of our experiments 
can thus be represented by the expression Pi:,42Js,j: (7). In words, this expression 
represents the probability that word 7 will occur as the association to a sequence of 
four words when the Ss are instructed to associate to the last word only. 

Associative probabilities following single-word stimulation, such as those reported 
by Kent and Rosanoff,? will be called first-order associative probabilities and written 
bili). Since the strength of these associations is the basic quantity in the present 
experiments, subscripts will be used to indicate different values of this variable. 
Large first-order associative probabilities will be indicated by Zetter subscripts to the 
stimulus-symbol, small first-order associative probabilities by numerical subscripts: 
Thus 54,6) >> py, (2). It will be convenient to define the associative effect of à 
stimulus-word 7 as the probability of the association 7 following 7 in the conventional 
wotd-association experiment, In the above inequality, for example, a word represented 
by ja (eg. man) can be said to have a stronger associative effect than js (boy) upon 
the association ¢ (woman) for the population studied by Kent and Rosanoff, since 
in their tables the relative frequency with which woman is associated to mam is 
0.394 while its relative frequency of association to boy is only 0.002. These symbols 


*G. H, Kent and A. J. Rosanoff, A st Uon Id ihsdhi r J 
Insanity, 67, 1910, 37.96, 317390.0 ge OL Association in insanity, Amer A 
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strength of first-order associative effects will be carried over to the word 
thus, Pipini» 37). indicates that p;,(/) and p;,() are large relative to 
and pi). 

effect of the context of a word-set upon the probability of the association 7 


that context and the probability of ; following the test-word with a 
context consisting of nonsense words and three-place numbers (represented 
It is assumed that such contextual materials affect the associative response 
bly. Values of p;,(/), estimated from the Kent-Rosanoff tables, can also be 


period in which their measurements were made. 
Ie extent to which the word-set constitutes a meaningful sequence that might be 
ed in the course of ordinary continuous speech can be expected to influence 
associative response. Response to the word-set “Mary had a little," for example 
be expected to differ greatly from that to a set, such as “a had Mary little,” 
ch presents the same components in a less familiar sequence. To control for 
is factor we can specify that the transitional probabilities for populations U and 
shall be negligible where the transitional probability P*5,-,U» is defined as the 
bability that word jų will follow a given word /i-: in samples from the continuous 
ourse of a stated population. Populations U and W in the present case both 
sent samples of the general population of English-speaking persons of college 
education, 
lt should be clear that the symbols defined here represent only experimental 
bles that we have attempted to control in the present studies, and do not imply 
that the dependent variable can be completely specified by these concepts. All kinds 
of mplex interactions, in addition to those specified by the transitional probabili- 
the word-set, may modify the effects upon the subject of each contextual 
Indeed, one of the purposes of the experiments is to ascertain the extent to 
a few simple conditions, such as those defined above, can determine the 
bility of a Jiven associative response. The elucidation of complex interactions. 
the effects of different elements of a word-set is a natural corollary of such 
‘experimental program. 
l measurements necessary to specify the independent variables of these experi- 
could be obtained from extensive tables of first-order associative and transi- 
robabilities analogous to those published for the former by Kent and Rosan- 
others? Sufficiently extensive tables, unfortunately, exist in neither case, so 
it has been necessary to make subjective estimations of these probabilities. Little 
Validity can be imputed to subjective estimations of fine differences in associative or 
- transitional probabilities; the experimental designs have therefore been simplified 
Iequire only these very simple judgments: (1) that a given word is a highly 
- probable association, in the conventional word-association test, to a second given 
Word; (2) that a given word is a highly improbable association to a second given 
and (3) that a given sequence of words will occur only very rarely (if at 
Ec 
Kent and Rosanoff, op. cit.; J. O'Connor, Born That Way, 1928; Herbert Wood- 
W pad F. Lowell, Children's association frequency tables, Psychol, Monog. 22, 19 16, 
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all) in ordinary continuous discourse, and hence represents very low transitional 
probabilities. The design of the experiments makes it necessary that the first two 
judgments be valid only relative to each other; thus only two subjective judgments 
are really required for the experiments. Selection of sequences with low transitional 
probabilities can be facilitated by eliminating from the word-sets all connective 
words (articles, conjunctions, prepositions, etc.), since sequences of high transi- 
tional probability usually include one or more of these words. 

While no validity studies specific to these judgments have been conducted, the 
ability of subjects to estimate the relative probabilities of occurrence of words 
would indicate that such simple judgments can be carried out with small error! 
Such estimates, of course, do not possess the objectivity of measurements that are 
independent of the experimenter's judgment, and the results to be presented below 
must be interpreted with that limitation in mind. At the same time, it should be 
emphasized that the difficulties are not inherent in the conceptual design of the in- 
vestigation, but are artifacts of a temporary lack of empirical information. Whenever 
more extensive tables of associative and transitional frequencies are available, the 
present experiments can be replaced by more rigorous ones. 

Subjects and instructions. Approximately 200 men, students in the introductory 
psychology course in Yale College, served as Ss in these experiments, They were 
divided into four groups,® each of which was given the same test-words but different 
contexts. The following instructions were read to all the groups. 


This is an experiment on what is known as ‘free association. When a person 
calls out a word and you say (or write) the first word that comes into your head, 
that is a free association. Thus, for example, if I should say tree you might immedi- 
ately think sunk or leaf or green or sleep, or any word whatsoever. The present 
experiment differs from this simple type in one respect: I will read four words 
slowly and you are to listen carefully to all of them, but you are to free-associate 
to the last word only. Thus if I should say ‘toy, come, wretched, book,’ you would 
then write down the first word that book made you think of, This is important: 
listen to each word carefully, but respond only to the last one. Be sure to get the 
first association down. There will be 50 such word-sets altogether. I will call out 
the number of the set before I read off the words, Although the ‘est-words will all 

meaningful, the other three will somtimes be nonsense words or numbers. Try 
to DER responding with one of the words in the set, but write it down if it comes 
up strongly. 


Before the experiment was begun the main rules were repeated: "(1) Listen to 
all four words carefully. (2) Free-associate to the last word only. (3) Put down the 
first word that comes to mind; write it immediately. (4) Try to avoid writing down 
one of the words used in the word set.” To set the test-word off from the context, 
E paused slightly between reading the last word of the context and the test-word 
and enunciated the latter with an intonation of finality (the tacit period of a spoken 
sentence). Each word-set required about 5 sec. to read. The same E read the instruc 
tions and word-sets to all groups of Ss. 

Materials, The first 5 word-sets read to each group were given to show the 5s 
the procedure. Of the remaining 45 sets, 10 were devoted to Experiment 1 (inter 


* D. Howes, The definition and measurement of word probability, Doctoral Disset- 
tation, Harvard University, 1950, 33-36. 
Scheduling difficulties resulted in a slight imbalance among the groups. The 
actual number in each group varied from 46 to 57. 
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bles not reported in this paper (the word-sets for these experiments appeared 
random order throughout the list of 50). 
— Since the Ss were instructed to avoid using contextual words as associations, it 
s necessary to exclude from each context any word likely to occur as an associate 
le corresponding test-word. To insure this condition, all test-words were taken 
om the list of 100 stimulus-words for which Kent and Rosanoff published 1000 
Sociations, and no word was admitted to a context if in those tables it appeared 
iS an association to the test-word with a frequency greater than 0.005. 
"Treatment of data. The dependent variable in these experiments, Pw(/),° is the 
proportion of Ss who respond to a word-set with a particular association, 7. The 
Ociations to be so measured must be selected carefully for the probability with 
“which they occur as first-order associations to the test-word. For if p;,(7) were 
"very high, no context could effect a considerable increase in the probability of 7, 
Which must always be less than unity; while too low a value of py,(/) would be 
impossible to measure accurately with groups of only 50 subjects. If a cluster of 
associations, all having similar first-order associative relations to the contextual words, 
is taken as the dependent event i, the first-order associative probability of each 
—résponse-word can be small while the probability of the whole cluster can be large 
enough to present no serious difficulty of measurement in samples of 50. This 
Solution has been followed in the present experiments. For the word-set: devil, 
fearful, sinister, dark, for example (a set, used in the density experiment, in which 
€ach contextual word should have a strong associative effect upon the response), 
the frequency of occurrence of ; was tabulated for the associative cluster (bad, evil, 
— dear, fright, frightening, gloomy, hell, mysterious, scared, scary). 

The chief danger in specifying these clusters is that personal idiosyncrasies in 
the meanings of words will influence the selection. Several precautions were ob- 
_ Setved in order to minimize this effect: (1) each E examined all 200 associations 

Made to a given test-word without distinguishing among those made under different 
"experimental conMitions; (2) each E excluded any word about which he felt doubt- 
ful (e, with regard to its associative relations to the contextual words); (3) 

Separate lists of associative clusters were drawn up by the two Es, and no important 

differences appear when results are calculated separately for each list; (4) a final 

list was prepared, including only words listed by both Es, in which a still more 

Strict criterion for selection was adopted. Calculations given below are for this final 

list. As additional assurance against the problem posed by associations of high prob- 
ability, any word occurring to the test-word with a relative frequency of 0.02 or 

higher in the Kent-Rosanoff tables, or of over 0.04 to the control word-sets with 

Nonsens¢-word contexts, was excluded from the clusters. 

While it is unfortunate that these subjective estimations had to be made, it should 
be remembered that the discrimination that is basic to all these approximations is 
Simply the ability to select one set of words that occur as associations to a given 
Stimulus-word much more frequently than to a second set of words. This discrimi- 
nation is made especially easy in the present study by the fact that each associative 
Cluster need include only a few words. Thus any word about which there was doubt 


* The subscript w appears here as a general symbol for word-set. 
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could be eliminated. As will be seen, the experimental design itself provi 
further safeguard: any word selected for an associative cluster is counted | 
experimental groups, including the control and poor selection would te 
minimize effects of the experimental variables rather than to exaggerate them; 


Results: Experiment 1: Interposition. It can be expected that an incr 
in the number of stimulus-words, his fo - . . that are presented betw 
given contextual word j, and the moment of the S’s response will ten 
decrease the effect of j, upon the associative response. The present 
ment explores this relation. 


The experiment involves measurement of the probability of a given assoc 
cluster / under three conditions: one in which the experimental word ja is th 
word of the context (hence farthest removed from jt); a second in which it is 
second word of the context; and a third in which it is the last word in the c 
(hence nearest to je), The remaining words in the context are neutral with 
to į. A control context made up of 3-place numbers or nonsense words of 
three syllables must be added. The four word-sets of this experiment can 
represented: 

Condition I, fa, js, ja ju 

Condition II, js ja, fs, jt; 

Condition III, j,, js, d 

Condition IV, 7's, 7's, 7's, je. 
For example, let ja = skin, je = rough, and consider the association hands, 
word-sets read to the Ss might then be: I, skin, hour, utter, rough; II, hom 
utter, rough; III, uter, hour, skin, rough; IV, 318, hokiba, rafuny, rou, 
assumed that neither hour nor uster has an appreciable effect upon the oc 
of hands as an association. 

The amount of data this experiment generates can be tripled by selecting st 
and third associations different from the first one, Representing by fq the fi 
sociation, which is a strong first-order associate of je, we can write the two í 
associations ig and iy. We now select a word that has a strong first-order associati 
effect on fg but negligible first-order associative effects on ig and ;,. This Wi 

_ which can be represented by js, can be used in place of the neutral word ji 
contexts, and thus its separation from je will be varied just as the separation bi 
ja and je is varied. A third word, fe, can be chosen in like manner for stron 
order associative effect on £y and negligible effects upon i, and ig. It can 


in the word-sets of Equation [1]. We can then rewrite the first three word. 
the experiment: 


Condition I, ja, 5, jor jt; 
Condition ID fe e ege 
Condition III, f» hes jo 3c 
where it is assumed that p;,(7,), bilig), and Pie (iy) are large relative 
remaining associative probabilities, Pis (ig), Pis (y), Ps, a), Bin Cy), Pie 
Pic 5g). For illustration, let je = rough, ia = hands, ig = storm, and iy 
and let the three contexts of [1a] be: I, skin, wind, mountain; II, mountain 
wind; III, wind, mountain, skin. We then determine the combined probabil 
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hands following both skin and rough when zero, one, or two neutral contextual 
words are interposed between them, just as before. In addition, the same calculations 
can be made for storm following wind and rough and for rocky following mountain 
and rough. Thus a single word-set provides three determinations of the function. 


Fig. 1 shows the probability of associative clusters, P,,(7), as a function 
of the number of interposed neutral words. Thirty determinations were 
made for each number of interposed words, three for each of the 10 word- 
sets, Thus P,,(7a) is plotted opposite the abscissal number zero for Con- 
dition III, in which j, is the last contextual word, and opposite the number 


Fic. 1. THE PROBABILITY OF AN ASSOCIATIVE CLUSTER, Pw(i), AS A FUNCTION 
OF m, THE NUMBER OF NEUTRAL WORDS INTERPOSED BETWEEN THE 
y EXPERIMENTAL WORD AND THE TEST-WORD 
Circles and solid line represent means of 30 determinations; triangles and broken 
lines represent quartiles. Results for the control condition are shown above the 
letter C. 

two for Condition I, in which ja is the first contextual word and separated 

from ją by two words neutral with respect to i. Mean values of Pio(?) 

are indicated by the circles and solid line, quartiles by triangles and dashed 
1 lines. At the right of the graph, opposite the abscissal point labeled C, are 

Shown the results for the control condition. 

These data show that a contextual word has its greatest effect upon the 
association when it occurs immediately prior to the test-word, The word’s 
effect is considerably diminished by introducing another word between it 
and the test-word. Interposition of two rather than one neutral word 
results in no appreciable further decrease in the effect of the experimental 
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word. In each position the contextual words have a greater effect than 
have the control contexts. These trends are equally clear for means and for 
both quartiles. Statistical analysis, the results of which are presented in 
Table I, bear out these conclusions. 

Ideally, this experiment would consist of a very long context in which 
the associative relations that define the experiment were preserved, Then 
the dissipation of a contextual word’s effect on the probability of an asso- 
ciative cluster could be described as a function of the number of inter- 
posed neutral words with the total number of words in the context as a 
parameter. For very large numbers of interposed words the effect of a con- 
textual word should become negligible, and P,(7) should therefore ap- 
proach its value in the control condition. In Fig. 1, however, the tendency 


TABLE I 
SIGNIFICANCE or DIFFERENCES IN EXPERIMENT 1 


Values of t (df.=29), with corresponding p values, for differences in P,.(i) when various 
numbers of neutral words are interposed between the experimental word and the test-word 


Number of interposed words 


o I 2 
1 t 3.48 
b .OI 
2 t 2.94 0.12 
b +O1 .9 
Control t 4.47 2.67 2.46 
b .Or .02 .02 


is for P,(7) to approach a value higher than that found in the control 
condition. In our opinion, this is not merely an indication of inaccuracy 
of the data, but results from the reinforcement of the first word of a con- 
text by an additional factor. This reinforcement can be thought of as a 
consequence of greater attention paid the first word of a sequence, or as à 
result of the fact that the first contextual word is the only one that is free 
of the competitive tendencies aroused by a prior word. Another possibility 
is that the transitional effects of the contextual words upon each other are 
not as negligible as assumed. The problem is amenable to straightforward 
experimental investigation, 


Experiment 2: Density. For this experiment we take three words having 
strong first-order associative effects upon 7 (experimental words) and com- 
pate the probability of i following a context including only one of them 
with its probability following zwo of them or three of them. 


ə 
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The word sets necessaty for this experiment may be specified as follows: 
Condition I, js fa, fa jt; 
Condition II, j fos fas js p 
Condition III, jo, fo, fes jt; 
Condition IV, 7's, 75 7s jt 
where jc, jo, je are contextual words presumed to have strong first-order associative 
effects upon the same associative cluster, i, and jı and jz are words presumed to 
have negligible first-order effects upon ;. Word-set IV refers to the control condi- 
tion, An illustration can be provided by the word-sets: I, devil, eat, basic, dark; 
Ul, devil, fearful, basic, dark; III, devil, fearful, sinister, dark; and IV, 429, 124, 
713, dark, where the probability of associate hell is to be measured, On the average, 
the three experimental words can be considered to have approximately equal first- 
order associative effects upon i, for the contextual words were assigned at random 
to jo, jo, and je in the various word-sets. 


The probability of 7 following word-sets containing one, two, and 
three experimental words appears in Fig. 2. As in Fig. 1, circles and solid 


(i), As A FUNCTION OF 7, 


Ric, 2, Tu 
- 2. THE PROBABILITY OF AN ASSOCIATIVE CLUSTER, Pw 
ES NG FIRST-ORDER 


THE NUMBER OF CONTEXTUAL WORDS HAVING STRO 

3 . ASSOCIATIVE EFFECTS ON 7 2 
Circles and solid line represent means of 10 determinations; triangles and broken 
lines, quartiles. Results for the control condition are shown above the letter C. 


resent quartiles. 
d-set. Results 
probability 


he number 


lines represent means, while triangles and dashed lines rep: 
Each point is based on 10 measurements, one for each wot 
for the control condition are shown opposite the letter C. The 
of an associative cluster is seen to be an increasing function of t 
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of contextual words having strong first-order associative effects upor 
cluster, Statistical analysis, summarized in Table II, indicates that nom 
the differences in Fig. 2 would be expected to occur by random samp 
as often as one time in a hundred. 

In these raw data the effects of contextual words—which constitute 
independent variable—are confounded with those of the test-word, Th 
effects must be separated, for test-word and contextual words cannot 
treated uniformly in view of the emphasis placed upon the former by 
instructions. It has been suggested previously that the effect of a cont 
can be measured by the difference between the probability of an associ 
cluster following an experimental word-set and either (a) its probabil 
following the corresponding control context or (b) its first-order 


TABLE II 
SIGNIFICANCE or Dirrerences IN EXPERIMENT 2 


Values of t (df=9), with corresponding p values, for differences in P,,(i) when differ 
numbers of words with strong first-order associative effects appear in the context, 


Number of contextual words 


D I 2 3 
2 t 2.97 
b .02 
3 t 5.49 5.66 
b .OI OI 3 
Control t 3.35 4-73 6.58 
b .Or .OI „OI 


A test of the additivity assumption can be obtained from the data 
sented in Fig. 2. We assume that the first-order associative effects 0. 
member of a word-set ate additive. Then the difference AP,,(7) betwe 
PG) following word-sets I, II, or III and P,(i) following the cor 
sponding control word-set (IV) should be directly proportional to 
number of contextual words having strong associative effects upon 
ing the interposition variable of Experiment 1 into account, the thi 


7» 
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value of AP,,(/) for a context of Experiment 2 is: 


AP.) = oe Kps(i), (1 


where K is a weighting factor, evaluated from the results of Experiment 1, 
which depends upon the number of words interposed between j, and ji." 
These weights, obtained by subtracting the probabilities of the associative 
dusters under control conditions of Experiment 1 from their probabilities 
under the corresponding experimental conditions, are 0.025, 0.028, and 
0.071 for, respectively, 2, 1, and O interposed neutral words. Thus the 
following theoretical values of AP,(/) for Experiment 2 are given by 
Equation [3]: Condition I (one experimental word), 0.025; Condition 
II (two experimental words), 0.053; Condition III (three experimental 
words), 0.124. As the design of Experiment 1 required three associative 
clusters for each word-set while Experiment 2 required only one, the word- 
sets of the latter tend to be somewhat larger. This difference in size of 
associative clusters can be corrected by multiplying the theoretical values 
by a constant which equates theoretical and experimental values for any 
one of the experimental conditions. Adjusted in this manner for Condi- 
tion I, in which only one contextual word has a strong associative effect, 
the theoretical means for Experiment 2 are 0.050, 0.106, and 0.248, com- 
pared with the experimentally obtained means (data from Fig. 2) of 0.050, 
0.137, and 0.245. For neither the two- nor the three-word experimental 
Conditions does the theoretical value represent a significant departure from 
the experimentally obtained mean (/s are, respectively, 1.03 and 0.08 with 
9 4f.). & 

This comparison is based upon the assumption that the probability of the associa- 
tive cluster unaffected by contextual words can be measured by the probability of 
the cluster following the control context. There is some reason to believe that this 
method may give too high a value, however, for in a few cases the numbers of con- 
trol contexts probably had an appreciable associative effect. A second comparison 
of theoretical and observed values for Experiment 2 was therefore made, using the 
telative frequency of the words of the associative clusters in the Kent-Rosanoft 
tables in place of the control-condition values of Pw (i). Computed by this method, 
the theoretical means are 0.056, 0.116, and 0.228 and the empirical means are 0.056, 
0.145, and 0.251. Again the z's fail to approach statistical significance for the two- 
and the three-word conditions. 


The assumption that associative effects are algebraically additive is thus 


"This assumes that the results of Experiment 1, in which the inter] osed words 
Were neutral with respect to the measured associative cluster, hold also for the inter- 
Position of words having strong associative effects on it, 


t 
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consistent with the present data. It can be expected to hold, however, only 
within the limitations of two defining conditions of these experiments: 
(1) that the transitional probabilities of the contextual words are neg- 
ligible; and (2) that the component associative effects are not too large, 
The latter restriction is imposed by the logical requirement that the sum of 
the component associative effects be less than unity. As for the former 
restriction, a word-set consisting of a very familiar sequence (e.g. “Mary 
had a little") would almost certainly lead to a disproportionate number 
of associations of the completion or speech-habit type (e.g. lamb)? It is 
also probable that the associative effects of the component words, or their 
weights in influencing the response, would be modified by the transitional 
probabilities (cf. Experiment 3 below). Even thus qualified, the assump- 
tion of additivity should be accepted only with considerable caution, since 
the possibility remains that even within the present defining conditions 
Some word sets can be found that will yield results incompatible with the 
assumption. 


Experiment 3: Frequency. The extent to which the associative response to 
a word-set is determined by the first-order associative effects of a par- 
ticular contextual word may be expected to depend upon how familiar $ 
is with that word. 


In this experiment we compare the effects of two contextual words, ja and jo, for 
which p(ja) > p(j»), where p(j) is the probability of occurrence of j in a general 
sample of the language behavior of the population under study, The further condi- 
tion is imposed that the two words have approximately equal first-order associative 
effects upon the associative cluster, i.e. that pyq(7) = py,(7). In liey of the tables of 
first-order associative probabilities called for by this condition, ‘a subjective ap- 
proximation was attempted by selecting pairs of words that are closely synonymous, 
as judged by the experimenters and corroborated by a thesaurus.’ The following 
word-sets then define the experiment: 


Condition I, j, js, fos jes 
Condition I, js, js, fa, 
Condition III, 7's, J's, j’s, je. 
For an example let the synonyms praise and panegyric be the contextual words js 
and jy and let glory be the association į made to the test-word soldier. 


[4] 


The mean probabilities of the 10 associative clusters obtained under 
each of the three conditions of this experiment are as follows: control 
(Condition III), 0.032; infrequent-word (Condition ID), 0.035; fre- 


"For the meaning of th ificati imental 
Peabo oe 1938 ELO ese classifications cf. R, S. Woodworth, Experi 


Pog ie Mawson, Roger's Thesaurus of the English Language in Dictionar} 


a 
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word (Condition I), 0.075. The differences are statistically reliable 
n Conditions I and II (¢ = 2.64, p < 0.05) and between Con- 
ions I and III (¢ = 3.46, p < 0.01). The difference between Con- 
ditions II and IJI is not significant. 

"These results indicate that the frequency with which a contextual 
yord occurs in the general language behavior of a population can be 
ded as a factor weighting that word’s contribution to the associative 
onse. The insignificance of the difference between the control and 
quent-word conditions then implies that the average weight of the 
frequent words in this experiment was so low that their effective con- 
‘tribution to the response was little greater than that of neutral items. 
Next let us express the contextual word’s weight in determining the 
‘associative response as a function of its frequency of occurrence, On the 
assumption that associative effects of contextual words are algebraically 
additive, the desired function is given by f in 


AP (i) = flPi)1- [5] 


_ Asin Experiment 2, the quantity AP,,(/) represents the difference between 

the probability of associative cluster 7 following an experimental word- 
" set (I of II in this experiment) and its probability following the control 
Word-set (III). The term p(j) has been defined as the probability of 
| Occurrence of word j in a general sample of the language behavior of the 

"Population under study—American college students in this case. The 
‘frequencies of words in the Lorge Magazine Count and Thorndike-Lorge 
Semantic Count, which correlate highly with college students’ ratings of 
the frequency with which they use words, can be used to measure p(j).”° 

í together, these counts give the number of times that a word 
Appeared in highly varied samples of written language behavior totalling 
Over nine million words. 

Fig. 3 presents the data. The abscissa, graphed logarithmically to con- 
Serve space, gives the Thorndike-Lorge frequency of each experimental 
Word, j, or jj, and the ordinate gives the difference AP,(j) between 
the probability of associative cluster 7 following a word-set containing the 
experimental word and the probability of i in the control condition. 
Correlation coefficients computed for AP, (i) as a function of log P) 
ate significantly greater than zero (1) = 0.88, r = --0.77) ; the difference 

tween n and r is not sufficient to warrant rejection of the hypothesis 
that the function is rectilinear in log pO) (F=1913 7[—5 13: 


" E. L, Thorndike and I. Lorge, The Teacher's Word Book of 30,000 Words, 1944; 
Howes, loc. cit. 4 
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P 20.10). A rough estimate of the reliability of the measurements of 


log (j). is given by the correlation between the frequencies of words in 
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Fic. 3. THE WEIGHTED ASSOCIATIVE EFFECT OF A CONTEXTUAL WORD AS A 
FUNCTION oF Its PROBABILITY OF OCCURRENCE ^ 
The abscissa shows the Thorndike-Lorge fr i al word. The 
> s t equency of the experimental word. 
ordinate gives the difference between the Probability of an associative cluster fol- 
lowing a context including the experimental word and its probability following 
a control context. 


the Semantic Count and their frequencies in the Magazine Count 
(r = +0.80).1? Since prediction of AP, (4) from the frequency of oc 


, " The small number of $s made it necessary to estimate Pw(i) for each word-set 
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currence of contextual words is of the same order of accuracy as predic- 
tion of word frequencies from one sample to another, a causal relation 
between the two variables is indicated. 


Some of our Ss may not have known the meanings of all of the rare contextual 
words. The first-order associative effects of these words could not be expected to 
resemble those of their corresponding frequent contextual words. Hence the in- 
frequent contextual words would function as neutral words, and the infrequent- 
word contexts would be constituted essentially like control contexts. This possibility 
offers an alternative interpretation of the fact that the results for the infrequent- 
word contexts do not differ reliably from those for the control contexts. Although it 
is impossible to discover directly the extent to which this factor affected, the results, 
it seems unlikely that more than a small proportion of the Ss employed were un- 
familiar with most of the infrequent words used here. The function of Fig. 3 also 
gives no evidence of a discontinuity such as might be expected to result from an 
artifact of that type. Moreover, the function approaches zero for fairly well-known 
words (e.g. astringent, delectable); thus words of even greater rarity would also 
be expected to have zero weights, in which case it would make no difference to the 
experimental results whether the subjects understood the word or not, 


Independence of neutral contextual words. Yn all of these experiments 
it has been assumed that the words we have selected as neutral contextual 
words (represented by numerical subscripts) have no appreciable effect 
upon the probability of the associative clusters. Precautions taken to as- 
Sure satisfactory selection of these neutral words have already been ex- 
plained, but it is desirable to have an empirical check. 


The data of Experiment 3 can be used for this purpose. In Conditions I and Il 
of that experiment we have two word-sets that are identical save for their third 
contextual worde, A new associative cluster # can then be so chosen that (1) each 
Of the first two contextual words has a strong associative effect upon 44 and (2) the 
Words in the third contextual positions are neutral with respect to #. These third 
Contextual words in Experiment 3 are synonyms with comparable first-order associa- 
tive effects upon &, but the third word of Condition I is a much more frequent 
Word than that of Condition II. Now let us suppose that the assumption that these 
words are neutral with respect to cluster # is false. This will mean that the third 
word of each word-set will contribute to the probability of #. By Experiment 3, the 
Contribution of a frequent word to the associative response must be weighted much 
more heavily than that of a rare word. The third contextual word of Condition I 
will thus increase the probability of w more than will the third contextual word of 
Condition II, and therefore the measured value Pe(w) will, on the average, be 
larger for Condition I. The results, however, show a small difference in the opposite 
direction: the mean probability of clusters s is 0.100 following Condition I (fre- 


frequencies in th i i istinguished in the pub- 
i e Magazine and Semantic counts are not distinguis| lin Pp! 
lished Thorndike-Lorge tables; but as the scatter-diagram of the data indicates that 
the reliability of infrequent. words is as low as, or lower than, that of frequent words, 
the present argument is not invalidated by their omission, j 


» 
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quent-word contexts) and 0.117 following Condition II (infrequent-word contexts), 
A difference of this size would be expected more than 3 out of 10 times by random 
sampling (¢= 0.98, df = 9). Consequently the null hypothesis, that words selected 
to be neutral have in fact no effect upon an associative cluster, should not be rejected, 


Discussion. The results of these experiments lend themselves to a sur- 
prisingly simple interpretation, This, however, requires a more refined 
definition of the associative effect of a stimulus-word. We consider that 
5 is capable of emitting any one of a set of alternative word-responses 
la, ig, . . . , iy. Each response-word we assume to have an average proba- 
bility of emission p(ż) independent of any stimulus-word. These values 
may be regarded as the relative habit strengths of the words, and pre- 
sumably they are sampled by tables like those published by Thorndike 
and Lorge.? The effect of a particular stimulus-word (when S is set by 
the instructions of the word-association test) is then to redistribute these 
probabilities, increasing them for some words, decreasing them for others, 
and leaving some practically unchanged. Thus the associative’ effect of a 
stimulus-word is properly measured by the difference biG) — PO: 
A set of such probability changes for all possible responses, ig, . . . » dy 
we assume to be a fixed property of the stimulus-word and the popula- 
tion of Ss. 

Consider now what happens when an $ perceives two or more stimulus- 
words in the association-experiment. The change in probability of one 
response-word relative to another is a property of each stimulus-word 
and cannot be changed by the fact that each stimulus-word now appeats 
as one of a sequence. Only the extent to which a stimulus-word affects the 
fesponse-mechanism as a whole—its weight in Equation [3}—can vary. 
Thus it is the capacity of the perceived stimulus-word to ‘capture’ the 
response-mechanism that decreases with the number of other stimulus- 
words interposed between it and the moment of response (Experiment 1), 
and that increases in approximate proportion to the logarithm of its 
probability of occurrence (Experiment 3).14 Hence the high correlation 
between AP,,(7) and p(j) found in Experiment 3—which would hardly 
be expected if more complicated interactions among the effects of con- 


_ ” The correct statistic would be Z';p(j) p, (i), the sum of the associative probabili- 
ties for all possible stimulus-words weighted according to the probability of occur. 
rence of each stimulus-word. A preliminary comparison of the Kent-Rosanoff an 
Thorndike-Lorge tables indicates that the Thorndike-Lorge frequency of a wor 
gives a good estimate of this value except for a few special classes of words. 

" [n this connection it is interesting to note that the time for which a stimulus- 
word must be exposed tachistoscopically in order for it to be perceived can be E: 
creased in approximate proportion to the logarithm of its probability of occurrent 
(cf. Howes, op. cit, esp, Ch. IV). : 


— 
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textual words took place—and the additivity of associative effects found 
in Experiment 2. 

In this paper only word-sets with zero transitional probabilities have been con- 
sidered, What would happen if this restriction were removed? We have already 
seen that, on empirical grounds, one can expect that the presence of familiar 
sequences in the word-sets would greatly modify the associations given. The simple 
model described above predicts such differences. When transitional probabilities are 
appreciable, the probability of occurrence of a stimulus-word, p(j), depends upon 
the particular words that precede it. The weights of the respective contextual words 
in determining the responses would thus be changed greatly, yielding results for 
Pe(i) entirely different from those calculated on the simple basis used in the pres- 
ent studies. 


This conception of the associative process is much simpler than many 
views of linguistic processes would lead us to expect. It does not, for 
example, postulate the representational mediation-processes found nec- 
essary by one of the authors to account for many aspects of linguistic 
behavior, particularly those involving semantic functions.*® This simplic- 
ity, however, relates only to the manner in which certain concepts are 
interrelated, The concepts themselves are statistically defined and thus 
ate recognized to be the product of complex multiple determination, 
Study of further variables within the present experimental design may, in- 
deed, require a more complicated interpretation like that afforded by the 
mediation hypothesis. 


SUMMARY 


(1) The prediction of the language behavior of one population of 
Ss from the language behavior of a second population is formulated in 
Statistical concepts. The basic concept is that of associative word-probability, 
defined as the probability that one person (or population of persons) 
will emit a word as an association following the emission of a given stimu- 
lus-word by another person. This concept is applied to the prediction of 
the probability of a word-association following a sequence of stimulus- 
Words from the probability of that association following each of the com- 
ponent stimulus-words taken separately. 3 

(2) Three experiments, each using 200 college students, indicate the 
following: (a) the effect of a given stimulus-word on an associative re- 
Sponse is a decreasing function of the number of additional stimulus- 
Words interposed between it and the time of response; (b) the effect of 


E. Osgood, The nature and measurement of meaning, Psychol. Bull., 49, 


a5 C. i 
1952, 197-237. 
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à sequence of stimulus-words upon an associative response is an incre 
function. of the proportion of those stimulus-words having sim 
order associative effects on the response; and (c) the effect of a 
stimulus-word on an associative response is an increasing function o 
frequency of occurrence of the stimulus-word in general linguisti 

(3) Quantitative specification of these functions suggests certain a 
tions about the way in which the effects of several different stimulus 
interact upon the same associative response, The present data are consi 
with the assumption that these effects are algebraically additive. 


FIGURAL AFTER-EFFECTS IN STROBOSCOPIC MOVEMENT 


By Bruce H. DEATHERAGE, University of Texas 


The experiments here reported were designed to study the effects of 
satiation on stroboscopic movement. The dependent variable was the time 
between successive exposures of two stimuli which was judged to give 
optimal movement, and changes in this variable produced by prolonged 
inspection of moving and static figures were measured. The results obtained 
were compared with deductions based on Korte's laws and on principles 
derived from the examination of static after-effects in visual space.” 


EXPERIMENT 1 


The first experiment was concerned with changes in the time required 
for optimal movement (/ in Korte's laws) during the prolonged inspec- 
tion of stroboscopic movement. On the assumption that apparent movement 
stems from a figural process in the neural locus corresponding to the line 
of movement, an increase in the functional distance between the end- 
points may be expected.” If this increase in functional distance is equiva- 
lent, as the Kóhler-Wallach theory suggests, to an increase in the physical 
distance (s) between the points, then from Korte's statement of the rela- 
tion between £ and s (fop ~ 5) it follows that / should increase in the 
Course of prolonged inspection of movement. The study of static after- 
effects also gives reason to believe that the brightness of the moving figure 
should be reduced during continued observation, and on this basis, too, 
t should be expected to decrease since, according to Korte, font ~ 1/i, The 
two effects should be separated, if possible, but to begin with it is useful 
to study their combined operation, 


Apparatus. A Masonite screen, 8 ft. high and 8 ft. 4 in. wide, painted flat black, 
Served as the background. There were two openings in the screen, symmetrically 


_* Accepted for publication May 15, 1953. This paper is adapted from a doctoral 
dissertation submitted to the bee oF Texas. The author is indebted to Pro- 
Who deg. itean who directed the roan and to Professor L. A, Jeffress, 
1 igned the electronic equipment employed. 
us Korte, iKinemnatoakosetes Mileage) Zsch. f. Psychol, 72, 1915, 
vis nee W. Kéhler and H. Wallach, Figural after-effects: An investigation of 
Stal processes, Proc. Amer, Phil. Soc, 68, 1944, 209.390. inst 
figure, J. Christman, Figural after-effects utilizing apparent movement as inspection 
igure, this JOURNAL, 66, 1953, 66-72. 
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placed on either side of its center-line, which were fitted with hinged doors, Beh 
each opening was a box, painted flat white inside, containing a fluorescent 
18 in. in length. The front of each box was equipped with slots into which | 
and stimulus-figures could be inserted. A fixation-point, equidistant between 
stimulus-figures, consisted of a small neon lamp. The light from the lamp 
filtered by a red plastic cover and could be seen through a hole (1/32 in. ii 
ameter) cut in the screen. 

The fluorescent lamps which lighted the stimulus-figures were powered 
timed by electronic apparatus which provided a cycle with a light-dark ratio | 
1:4—one light came on for 1/10 of the cycle, followed by a dark interval of 
of the cycle, then the second light would come on for another 1/10 cycle, an 
remaining 4/10 would be dark. The cycle was repeated, and O had continuo 
control of the rate of repetition which could be varied from less than 1 to 60 c 
The slowest rate was slow enough that succession was easily observed, while 
fastest rate yielded simultaneity. Since the on-off ratio was constant, as # ( 
time) diminished or increased, e (on-time) also diminished or increased, Ci 
quently, time in seconds per 100 cycles (which was designated T) could be 
as a measure of time between stimuli (the 7 in Korte's laws), the relation bel 
the two measures being linear. ! 

Stimulus-figures. The stimulus-figures employed were two circular apertures 1⁄4 
in diameter cut in black cardboard. The centers of these apertures were 50 in, 
With O at a distance of 22 ft. from the fixation-point, the angular size of ead 
aperture was 3 min., while the angular distance between them was 10° 43! 30". 

Observers, Twenty Os, 13 women and 7 men drawn from undergraduate classe 
in psychology, served in the experiment, They were divided into four subgroups ol 
5 Os each. No O knew the purpose of the experiment, 

Task. O sat on a stool equipped with a chin-rest, his eyes at the same level as th 
fixation-point and the stimulus-circles (4 ft. 10 in. from the floor), Under thes 
conditions the movement appeared in a line back and forth between the stitm i 
circles, Beginning at a setting which gave either succession or simultaneity, O ad 
justed the repetition-rate to the point which gave him the best appearance of moyt 
ment. Optimal movement was defined for O as occurring when the point of | 
(for such it appeared) seemed clearest during the course of movement betwi 
end-points. i ii 

Procedure. There were three experimental sessions for each O, The sessions. d 
one week apart, and each began with a 10-min, period of dark-adaptation. 
first was a training session designed to familiarize O with the equipment 
acquaint him with his task. There were two criteria of performance whi 
attained during this training session, First, he learned to make a setting (ju 
for optimal movement in 20 sec. or less; most settings in the two experin 
sessions were made in 10-15 sec. An interval of 20 sec. was considered to 
long enough for an accurate setting and yet short enough to have but little 
ing effect. Each O also learned to make reliable settings; the criterion set by 
that T should not fluctuate over a range greater than 10-12 sec. 
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The procedure during the two main sessions was essentially the same for all 
Os. The sessions were either ‘experimental’ or ‘control.’ Both the experimental and 
the control sessions consisted of 12 trials separated by 2-min. rest-intervals (except 
for an 8-min. rest-interval between trials 10 and 11), After each of the first 7 
trials in the experimental session, the first 60 sec. of the 2-min, interval was occu- 
pied with inspection of the movement just set, while there was no satiation be- 
tween settings in the control session. For half the Os ascending (A) and descend- 
ing (D) determinations were made in the order ADDADAADADAD, while for 
the remaining Os the order was DAADADDADADA. For half the Os the se- 
quence of sessions was experimental-control, and for the remaining half control- 
experimental, The two orders and the two sequences of conditions were balanced 
over the four subgroups. 


Results. Table I shows the results of the experiment, in which T was 
recorded to the nearest 0.1 sec, In Fig. 1, T is plotted as a function of 


TABLE I 
Meran True (T) per Triar UNDER CONTROL AND EXPERIMENTAL CONDITIONS 
i (Experiment 1) na 
Trial Control Experimental 
m 63.1 57:4 
2 63.6 62.2 
3 65.3 68.5 
4 64.8 69.1 
5 63.0 73:3 
6 a 4 70.5 
7 4.5 ‘73-2 
8 61.5 74.6 
9 61.4 66.4 
10 66.0 66.4 
1I 65.4 58.3 
I». 64.5 60.7 


paired trials (in which directional errors are balanced out) under both 
conditions, There is little change from trial to trial in the control session, 
the largest difference (4.6 sec.) occurring between trials 9 and 10. Under 
experimental conditions, however, T rises throughout the satiating period 
(a mean difference between Trials 1 and 8 of 17.2 sec.), and then de- 
creases with the termination of the satiating procedure on Trial 8. The 
difference between the settings made in experimental and control sessions 
on Trials 5-6 were significant beyond the 5-96 level (4 for correlated data 
725 with 19 df) as was the difference between settings made on Trials 
7-8 (t= 2.85). The difference between settings made in the experi- 
mental session on Trials 1-2 and 7-8 was significant beyond the 1-76 level 
(= 5.54). 

The data here presented clearly suggest that prolonged inspection of 
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stroboscopic movement gives rise to a significant change in the time be- 
tween stimuli required for ‘best’ movement to be perceived; the predic- 
tion based on the Kóhler-Wallach data and Korte's laws thus seems to. 
be fulfilled. Apparently, functional changes in intensity and distance are 
equivalent to corresponding physical changes with respect to their effect 
on the time required for optimal movement. 

In a preliminary report on the effect of satiation on stroboscopic move- 
ment produced with an interocular apparatus, Deatherage and Bitterman 
described results which are contradicted by the present experiment.* They 
noted that after satiation "succession is reported at a rate of alternation 
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FIG. 1. CHANGES IN TIME FOR OPTIMAL MOVEMENT UNDER EXPERIMENTAL 
AND CONTROL CONDITIONS IN EXPERIMENT I 


previously set for optimal movement. In some Os movement can be re- 
instated by increasing the rate of alternation, while for others an increase 
in rate yields simultaneity without intervening movement.” In the light of 
the present experiment, it is clear that the preliminary report was not 
simply wrong, but merely incomplete. The earlier assumption was that if 
succession were observed, then obviously the rate of alternation was t00 
slow (T too long), and it was quite natural for Os to endeavor to re- 
instate movement by increasing the rate. Only some Os, however, reported 


*B. H. Deatherage and M. E. Bitterman, The effect of satiation on stroboscopit 
movement, this JOURNAL, 64, 1951, 108-109. } 
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ment of movement—a report which now appears to be an error 

ation—while others reported almost immediate simultaneity. 
opportunity given to search for best movement up and down the 
mation-rate scale, the Os of the present experiment found movement 
ata slower rate. Herein exists a difference between physical changes and 
- satiation-produced functional changes in distance and intensity. While a 
| al increase in distance or decrease in intensity could be expected to 
‘produce simultaneity, the corresponding satiational changes produce re- 
port of succession, although the change in T required to reinstate optimal 
movement is in the same direction (decrease) in both cases. No explana- 


E s n 
tion of this discrepancy can be offered at present. 
123 
EXPERIMENT 2 


to study the effect on T of 


na 
t 


The second experiment was designed 
‘Satiation-produced changes in the apparent size of the stimuli for stobo- 
“scopic movement. The stimuli for movement again consisted of a pair 
f disks, the apparent size of which was increased or decreased by pro- 
longed inspection of a pair of smaller or larger disks statically presented. 
tom Korte's law of the relation between ¢ and i (top: ~ 1/i) taken in 
— conjunction with empirical principles derived from the study of static after- 
"effects, it follows that T should be increased following inspection of the 
gest pair of disks and decreased following inspection of the smallest 
pair. Certain secondary effects might also be expected—a decrease in 
rightness and perhaps some slight increase in apparent distance between 
"disks—but there is no reason to believe that they should counteract 


# 


ntially that of the first experiment, with 


- Apparatus, The apparatus used ‘was esse 
between O and the stimulus-field. To 


- 4 few changes made in the relationship 
facilitate the perception of stroboscopic movement, which occurs more readily in 
Peripheral vision, the fixation-point was moved from the position occupied in the 
St experiment to a point 14 in. higher, but still in the centerline of the screen. 
WES distance between O and the screen was reduced to 215 in. (17 ft. 10 in.), 
and to preserve the original angular separation the distance between the centers 


of the circular apertures employed was reduced to 40.75 in. 


4 i ; 
_ Stimujus-figures. The stimulus-figures were three in number: (1) a pair of small 
ach 2.0 in. in 


( Circular disks, each 0.5 in. in radius; (2) @ pair of large disks, € 


NES 
_ "Different areas of the retina may show different basal speeds for stroboscopic 
This may be the reason for the 


i movement—a problem still to be investi ated. 

approximately D-sec. difference between Ss for control trials in the two exper 
ments. A tendency (not critical) was also noted in the first experiment for the 
j ment to ‘break’ in the region of the fixation point when that point Jay in the 
Path of the movement. 
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radius; and (3) a test-figure of two intermediate disks, each 1.25 in. in radius! 
The disks were presented as in Experiment 1, appearing as light figures on a dark 
ground. The left-hand member of each pair of disks was always centered at the 
same point, as were the right-hand members of each pair, the two points being 
10° 43’ 30”. apart. As in the Previous experiment, the on-off ratio was 1:4, 

Observers. The Os were 10 young men who were selected from undergraduate 
courses in psychology. None knew the Purpose of the experiment, and none had 
participated in Experiment 1. 

Procedure. There were three experimental sessions for each O, approximately 
a week apart. The first session, as in Experiment 1, was utilized to acquaint O with 
the apparatus, and to have him learn to meet the same two levels of performance 
demanded in the earlier experiment, In addition, there were two experimental 
sessions (Conditions 1 and 2): 

In Condition 1 the satiation-figure consisted of the small (0.5-in.) disks, while in 
Condition 2 the large (2.0-in.) disks served. In both conditions 12 trials were 


TABLE II 
Mean True (T) rer TRIAL UNDER. Two Conprrions or SATIATION 
Trial i us p Condition 2 
1 45.8 45-3 
2 43.2 46.0 
3 43.8 48.1 
4 47.1 47-9 
5 47.6 45.8 
6 50.6 49.4 
1 55.8 47.1 
8 53.5 49.2 
9 58.0 48.3 
10 57-9 47.8 
Se 45.7 50.6 
n 44.8 48.0 


Biven, with ascending and descending determinations balanced by means of a 
double-alternation Order. Trials 1-4 and 11-12 were 'control' trials, and Trials 
5-10 were ‘experimental’ trials, Each experimental trial was preceded by a 60-sec. 
Period of satiation (with the Jargest or the smallest pair of disks) under condi- 
tions of clearcut simultaneity (the repetition-rate set at 60 cps). On each of the 


tepetition-rate to give the best appearance of movement. On experimental trials 
an interval of 20-30 sec, separated the satiation period from O's setting. A 2-min. 
rest followed each trial, except that there was a 5-min. rest between Trials 10 and 
11, and a 3-min, rest between Trials 11 and 12. Half the Os worked undet 
Condition 1 in the second session and under Condition 2 in the third, while the 
others encountered the two conditions in reverse order. 


Results. The results of the second experiment are summarized in Table 
II, and, in Fig. 2, T is plotted as a function of paired trials. The curves for 


“At 215 in., the difference in radius from each disk to the next was 12' of arc, 
à value selected (on the basis of the Kóhler-Wallach data) to maximize the after-effect 
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ork ‘conditions (Conditions 1 and 2) remain essentially unchanged for 
+ ‘control trials (Trials 1-4). With satiation, the curves diverge markedly, 
dut not in the expected direction. On the assumption that the disks used 
for testing would be functionally increased in size as a result of satiation 
" with the smaller pair (Condition 1), a decrease in T was expected. Instead, 
a matked increase appeared during satiation, followed by a decrease on 
Trials 11 and 12 after periods of rest. Satiation with the larger disks 
(Condition 2) was expected to produce a functional decrease in the size 
and brightness of the disks used for testing, and consequently an increase 

ju 
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i —. Fic. 2. CHANGES IN TIME FOR OPTIMAL MOVEMENT UNDER TWO 
CONDITIONS OF SATIATION IN EXPERIMENT 2 


in T, It can be seen, however, that the values for T remain essentially 
unchanged throughout the 12 trials of Condition 2. A test of the signifi- 
cance of the difference between the two experimental conditions was 
performed, using the data of Trials 9-10. Each O's settings for these 
tials were averaged to provide a mean setting for each condition. The 
difference between the two distributions of scores was significant beyond 
the 1-% level (7 for correlated data = 4.79 with 9 df). 

Reports made by Os during the satiation trials made abundantly clear 
the Success of the satiating procedure. Many Os spontaneously remarked 
upon the phenomenal changes in the size of the test-disks after inspection- 


Petiods; the reports were always that size had changed in the expected 
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direction. Nevertheless, while predicted changes in size occurred, the 
predicted changes in T did not. This discrepancy can be accounted for in 
one of two ways: either Korte's statement of the relation between j and 4 
is incorrect; or changes in the physical size of the stimuli for movement | 
are not functionally equivalent to changes in phenomenal size produced . 
by satiation. In order to check the validty of Korte’s law, determinations 
of T for optimal movement were made with stimuli which differed in 
physical size. 

The relation between T and PIX size. Five Os, all men, were used, Each 
was dark-adapted for 10 min. and acquainted with the apparatus and the task, 


following which six determinations were made—one ascending and one de 
scending setting for each of the three pairs of disks employed in Experiment 2, 
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Fic. 3. TIME FOR OPTIMAL MOVEMENT AS AFFECTED BY DIFFERENCES IN 
PHYSICAL AND IN APPARENT SIZE (EXPERIMENT 2) 


The determinations were made in random order. The mean Ts for the small, me 
dium, and large disks were 43.4, 45.5 and 57.3, respectively. The difference be- 
tween the first two falls far short of statistical significance. There is, however 4 
clear difference between T-values for the medium and large disks. By a simple. bi 
nomial test the difference was significant beyond the 4-% level, the probability 
being 1/32 that the five differences all will be in the same direction. A s+test fot 
correlated data showed the difference to be significant well beyond the 5-% level 
(t = 4.202 with 4 df). 
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The results indicate that the relation between / and ; postulated by 
Korte does not hold, at least under the conditions of this experiment. 
Korte’s method of increasing intensity, since he was dealing with drawn 
figures, was to increase the width of a line or to put short perpendiculars 
. across its ends; the discrepancy between Korte's law and the data here 
obtained may be due to the difference in the method of varying the size, 
and thus the intensity. Nevertheless, when the effect on T of changing 
physical size (as here obtained) is compared with the effect on T of 
change in apparent size by satiation, a striking consistency appears. In 
Fig, 3, the correspondence of the two sets of results is demonstrated. The 
three encircled points on the left side of the figure show the average T 
required for optimal movement with the disks of different physical size. 
The curves on the right side of the figure show T for the last four satiat- 
ing trials in Experiment 2. The top curve represents Ts for the small 
satiating figures (which produce an increase in the apparent size of the 
intermediate disks), and the bottom curve for the large satiating figures 
(which produce a decrease in the apparent size of the intermediate disks) . 
The lack of change in T found in Experiment 2 for satiation with the 
large disks appears due (as the results for physical size show) to a curvi- 
linear relation between size and T; it seems that decreases in size below 
à certain point yield little change (if any) in T. 


SUMMARY 

The effect of satiation on the time between successive stimulations re- 
quired for optimal stroboscopic movement was studied in two experiments. 
In the first experiment, the time for optimal movement was increased by 
the prolonged inspection of stroboscopic movement. This result may be 
deduced from Korte's law of the relation between time and distance, on 
the assumption that the inspection of stroboscopic movement increases 
resistance (functional distance) in the line of movement. In the second 
experiment, the effect on the time for optimal movement of satiation- 
produced changes in the size of the stimuli for movement was measured. 
An increase in apparent size increased the time and a decrease in apparent 
size had no significant effect, neither result being in accord with predictions 
made from Korte's law of the relation between intensity and time. Sub- 
Sequent measurements of the relation between time and physical size con- 
ttadicted Korte’s law, however, and provided results directly comparable 
to those of the satiation experiment. In both experiments, then, strobo- 
Scopic movement was found to be similarly affected by physical and 
Satiation-induced functional changes in selected parameters. 


PSYCHOMOTOR PERFORMANCE AS A FUNCTION OF 
INITIAL LEVEL OF ABILITY 


By BRADLEY REYNOLDS and Jack A, ADAMS, Perceptual and Motor Skills 
Research Laboratory, Human Resources Research Center 


The fact that little attention has been paid to individual differences as 
independent variables in learning studies is probably attributable to the 
interest of workers in the field of learning in the discovery of general 
laws and to the implicit assumption that such general laws based upon 
sample statistics will hold throughout the range of learning ability. There 
is little experimental basis, however, for this assumption, the validity of 
which the present study was designed to test. 


There are a number of practical implications to be derived from information on 
learning and individual differences. Mass training problems invariably involve some 
Personnel whose initial level of ability is low, and it becomes desirable in these 
instances to know whether any interaction between learning variables and individual 
differences exists, Further information with respect to individual differences in 
learning could illuminate Reynolds’ finding that (a) correlations between tests and 
criterion-measures shrink as training on the criterion-skill progresses, and that (b) 
Correlations between initial and subsequent measures of performance decrease as 
training progresses! Woodrow also has carried out investigations in the area of 
individual differences and learning? He has been concerned with such problems as 
the isolation of a general ability to learn, the effect of practice upon inter-cortela- 
tions of tests, and factor analyses of learning data. Kientzle, a studsit of Woodrow’, 
examined the effect of practice and distribution of practice upon between-S variability 
and intertrial correlation British investigators have shown some concern about the 


* Accepted for publication March 23, 1953, The experimental work was performed 
as part a the United States Air Force Human REI Research and Development 
Program. The opinions or conclusions contained in this report are those of the 
authors. They are not to be construed as endorsed by or reflecting the views of the 
Poeun of the Ae Force. ds 
radley Reynolds, The effect of learning on the predictability of psychomoto 
performance, J. Exper. Psychol., 44, 1952, 189-198. Bou j 
Herbert Woodrow, The relation between abilities and improvement with prac’ 
J. Educ. Psychol., 29, 1938, 215-230; The effect of practice on groups of different 
initial ability, J. Educ. Psychol, 29, 1938, 268-278; The effect of practice on tes 
gea l J. rae Pocbol, 29, 1938, 561-572; Interrelations e Ds 
earning, J. Psychol, 10, 1940, 49-74; ili bol. Rev, 27 
1946, 147-138 7 9-74; The ability to learn, Psycho: : 
. J. Kientzle, Properties of learning curves under varied distributions of P" 
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practice, ibid. 39, 1949, 532-537. auus unde 
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problems of learning and individual differences. Farmer, in a study which is prob- 
ably closely related to the present one, found that, in the case of psychomotor skills 
learned in industrial situations, Ss differentiated on the basis of initial level of 
ability showed parallel acquisition curves.* 


In the study which is reported here, one group of Ss was trained with 
massed and a second group with distributed practice. Each group was 
divided into subgroups on the basis of initial levels of ability in the task, 
and learning curves obtained for the various subgroups were examined 
for systematic differences in performance. 


METHOD 


Apparatus. The apparatus employed was the Rotary Pursuit Test which has been 
described elsewhere. Twelve copies of this test were used. The training trials and 
interpolated rest-periods were cycled automatically. The disks turned and a buzzer 
sounded for 1.5 sec. before the clocks could be activated. Scores were recorded in 
units of 0.001 min. on Standard Electric timers. 

Subjects. The Ss were 960 basic airmen trainees drawn from the population avail- 
able at Lackland AFB, Texas. Subgroups of 12 Ss were assigned to either a massed 
or a distributed practice group. The massed group had a mean age of 20.13 yr. with 
an SD of 1.47 and the distributed group had a mean age of 20.23 yr. with an SD 
of 1.78. The mean years of education for the massed group was 11.06 with an SD of 
1.89. The distributed group had 11.27 mean years of schooling with an SD of 1.81. 

Experimental procedure. Ss were trained with massed or distributed trials through 
Several training sessions. It was necessary to give practice within a half day and, 
because of time-limitations, to train distributed groups in the forenoon and massed 
groups in the afternoon. The duration of each trial was 20 sec. for both groups. 
The intertrial rest was 5 sec. for the massed group and 60 sec. for the distributed 
group. The massed group was given four blocks of 20 trials each and the distributed 
Broup had three blocks of 20 trials each. There was a 30-min. rest between blocks. 

When the collection of data had been completed, Ss within each experimental 
ae were stratified into deciles on the basis of their total score for the first five 
tials, 


RESULTS 


For each group, Table I gives the distribution of scores on which the 
Stratification into ability-subgroups was made. Skewness is to be observed 
in both distributions and is more marked in the case of massed than dis- 
tributed practice, 

Mean scores for the massed and distributed groups on all training 
trials are plotted in Fig. 1. It will be noted that the score of the massed 


on : 
DX Dom Parallelism in curves of motor performance, Brit. J. Psychol., 42, 


A. W. Melton (Ed.), Apparatus Tests, AAF Aviation Psychology Program Re- 
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group was somewhat above that of the distributed group on Ti 
This difference, which approaches significance at the 5-% level (¢ 


TABLE I 


Frequency Distrisutions or Torat Score on First Five Trias ror Massed 
AND DISTRIBUTED Groups 


Frequency 


massed distributed 
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FiG. 1. PERFORMANCE OF MASSED AND DISTRIBUTED GROUPS. 


for 958 df), may be due in part to sampling and in part to the diff 
in time of testing. The observed difference, however, does not alit 
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principal analyses since the main comparisons are within-groups. The curves 
obtained under the two conditions of distribution are similar to those 
usually observed with massed and distributed trials on the Rotary Pursuit 
Test. There is, in the case of distributed practice, a between-session loss 
in proficiency. The massed group shows reminiscence and an initial post- 
test warm-up segment followed by the characteristic downward trend in 
the later trials of each session. The marked difference observed between 
the groups at the end of each session is dissipated to a great extent in the 
early trials of the following session. P 

In Fig. 2, the acquisition curves for the ten decile groups trained with 


300 


TARGET (MILLIMINUTES) 


TIME ON 


2125 30 35 40 41 45 $0 55 60 GI 65 TO 75 00 
TRIALS, 


Fic, 2. PERFORMANCE OF DECILE-GROUPS TRAINED WITH MASSED PRACTICE. 


Massed practice are shown. It will be noted that differences in the form 
Of the acquisition curves appear during the first session. The curve for 
Decile 1 tends to be linear in form with a slow rate of rise throughout, 
With increasing level of initial ability linearity decreases and the initial 
Segments, show negative acceleration. The curve for Decile 10 shows 
marked negative acceleration initially, and then essentially zero slope. For 
the three later training sessions the form of the curves appears to be es- 
sentially the same, All show reminiscence following rest, a period of rap id 
"Improvement in the initial post-rest trials, and a decremental segment in 
the later trials of each training session. In general, it would appear that 
for the final three training sessions the combined cutve for the massed 
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group in Fig. 1 is fairly representative of the curve for each of the deciles 
in Fig. 2. 


In Fig. 3, performance curves for the decile groups trained with dis- 


TIME ON TARGET (MILLIMINUTES) 


5 0 


5 20 2 25 30 35 40 4 45 50 55 60 
TRIALS 


FiG. 3, PERFORMANCE OF DECILE-GROUPS TRAINED WITH DISTRIBUTED PRACTICE 


TABLE II 
ANALYSIS oF VARIANCE oF Scores ron TRIAL 60 
Sum of 
Source of variance df SENT p P 

Columns (distribution) 1 8. +00 Ser 
Rows (ability level) 9 n 86 ‘ ju 5 Sion 
Within cells 940 1.848 
Remainder 9 1025 1.40 E 
Total 959 3-303 


N Within cells mean square used as error term, 


tributed practice are shown. As with massed practice there are differences 
in slope during the first session which are related to initial level of ability. 
The slopes become greater with increasing level of ability. Again, as in the 
case of massed practice, there would appear to be a family of cuve 
differing in slope-constants, The curves during the second and third sessions 
are essentially the same. All show the same trend and all but one display 
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session loss (Decile 3). With the exception of the first session, 
ined curve for the distributed group in Fig. 1 is quite represen- 
f the curve for each of the deciles in Fig. 3. 

le II presents an analysis of variance of the scores on Trial 60 
h is the last trial common to both groups. As might be expected, 
distribution and initial level of ability contribute significantly to 


TABLE III 
Frequency-DistripuTions OF Scores ror TRIAL 8o ror Massen Groups 
Decile 
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« 
ity. Of greatest interest is the fact that interaction between dis- 
n and initial level of ability does not produce a significant F. 
luating the analysis, it must be remembered that Ss were not ran- 
assigned to the two conditions. An apparent affect of this non- 
iness was a difference on Trial 1 in favor of the massed group. 
al 60, however, the distribution variable has separated the two | 
markedly in favor of the distributed group as indicated by the 

Significant F for distribution. f 
les III and IV present frequency-distributions of final-trial scores 
ssed and distributed practice respectively. It is noteworthy that 
lecile distributions tend to overlap upper decile distributions at 
d levels of training. Increased training seems to produce greater 
tion among Ss whose initial performance is very low, as can be 
most markedly when Deciles 1 and 10 are compared in either 
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Table III or IV. These two groups, which are separated by 80% of 
Ss in the first five trials, show a high percentage of overlap on the 
trial under either massed or distributed practice, and the level of 
bility for lower deciles is greater than for higher deciles under both n 
and distributed practice. To evaluate the possibility is that these 
ences in variability are attributable to differences in mean level, 
was determined for each decile where means were equal or nearl 
The mean and SD for each of these trials is given in Table V, 


TABLE IV y 
FREQUENCY-DISTRIBUTIONS OF Scores ror TRIAL 60 ror Disrrisutzp GROUPS — 
Decile 

Interval aoe 
(m. min.) 1 2 3 4 5 6 7 8 

0- 19 

20-39 

40- 59 1 I 

6o- 79 2 

80- 99 1 1 1 
100-119 1 I I 
120-139 2 . I 2 
140-159 3 3 1 2 1 I 
160-179 8 1 6 4 I 
180-199 7 5 6 8 3 6 2 2 
200-219 8 " 10 6 5 1 2 3 
WEEN (dU ro si 3 7 53 T. A 

407259 9 10 9 It H 14 15 
260-279 1 6 6 6 E 13 15 13 
280-299 3 3 8 7 8 6 
300-319 2 2 1 3 

c 

Mean 197 219 224 230 236 248 245 255 254 
SD 49307505 as ae 104990: 38.7.37 —— 3109 NB 


permits some determination of the effect of initial level of perforn 
upon variability when all groups have been equated for level of p 

It will be observed that there is a general tendency for lower de 
show greater variability. 


For the massed deciles, gain over each 30-min. rest-period, warm-up deci 
at the beginning of Sessions 2-4, and loss within Sessions 2-4, were eva 
simple analysis of variance to test the hypothesis that there were no d 
among ability groups with respect to these measures. Gain during rest Wi 


Warm-up decrement was considered as the steep initial slope of the post 
and was measured as the difference between the initial trial of a session 
peak-trial of that session. The amount of loss within a session was taken | 
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difference between the peak-trial and the final trial of the session. None of the F- 
ratios obtained were significant at the 5-% level, indicating no evidence of inter- 
action between gain, warm-up, or loss within a session, arid initial level of ability. 

Warm-up decrement and gain within-session for Sessions 2 and 3 for the distri- 
buted deciles also were evaluated by simple analysis of variance. Since warm-up is 
manifested as an actual Joss under distributed practice, it is measured as the differ- 
ence between the final pre-rest trial and initial post-rest trial. Gain within a session 
is measured as the difference between the final trial of a session and the final trial 
of the preceding session. As with the massed groups, all F-ratios lacked significance 
at the 5-% level and gave no supporting evidence for interaction between these 
performance characteristics and initial level of ability. 

Product-moment correlations for all Ss in each of the two major-groups were 


TABLE V 
SD ex Trtats wir Approxrmatety EQUAL Means ror Massen AND Distrisutzp GROUPS 
(Values in m. min.) 


Decile 
1 2 3 4 5 6 7 8 9 10 
Massed 
Trial No. 63 — 44 44 O oar AGED FTO 
Mean 189 186 188 186 . 189 187 188 188 185 189 
SD 34. 427 52/2943 00942225 A00 820190 S40 BOT, 
Distributed 
Trial No. 4$. 36. a IS QU DIST 9 8 5 
Mean 186 188 187 187 186 188 188 188 187 186 
SD yx. x0 40. 41 a8) 915 34. M SS 28 


computed, using total score on Trials 1-5 as the X-variable and total score on Trials 
6-10, 56-60, and 76-80 (massed group) as Y-variables. The correlation between 
Trials 1-5 and 6-10 was 0.85 for distributed practice and 0.89 for massed practice. 
The r between Trials 1-5 and 56-60 was 0.57 for distributed practice and 0.61 for 
massed. The r between Trials 1-5 and 76-80 was 0.57 for the massed group. The 
higher correlation between total score on initial five trials and adjacent five trials, 
as compared with that between initial five trials and final five trials, corroborates 
the findings of other investigators. 


Discussion 


With the exception of slope-characteristics of first-session curves no 
evidence has been found for the interaction of ability-level and learning 
Variables, The data are consistent with those of Farmer, and support 
the assumption of Hull that individual differences affect the constants of 


" Ob. cit, 335-342, 
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a behavioral equation but not the general mathematical form,’ In the case 
of the first-session curves, the general form is apparently not affected by 
initial level of ability. The main characteristic which does scem to be 
affected is slope of the initial segment which increases with increasing 
level of ability. 


| 
| 
One interesting aspect of the acquisition curves bears consideration, It was noted | 
that the curve of massed Decile 10 displayed in the first session a very steep slope . 
over the first few trials and then leveled off to a zero slope. This curve has an 
interesting similarity to certain post-rest performance curves obtained under condi- — 
tions of massed practice on the Rotary Pursuit Test. If the warm-up period can be 
regarded as a period of recruitment of previously acquired responses, then Ss in 
massed Decile 10 would appear to be activating a pool of previously acquired 
relevant responses, carried over, perhaps, from psychomotor tasks encountered in 
everyday situations, 

Tt was noted in the introductory section that the present results would furnish 
information relevant to problems in the prediction of advanced levels of proficiency. 
Two features of commonly observed results were mentioned: (1) the tendency for 
correlations between selection-tests and criterion-measures to shrink as training on 
the criterion-skills progresses; and (2) the tendency (also found here) for correla: | 
tions between performance on initial and later trials to decrease as training progresses. 
The difference in variability between higher and lower deciles is relevant to both | 
of these problems. It was found that distributions of scores for final trials were 
more variable for lower deciles than for higher deciles. It was also noted (in Table 
V) that the distribution of scores for deciles on trials having common means show 
greater variability for the lower than for the higher deciles. The tendency for vari- 
ability to be greater for lower deciles does not, therefore seem to be a function of 
correlation between variability and the mean. Consequently, it cannot be claimed 
that the greater variability shown by lower deciles arises because higher deciles até 
approaching the task-asymptote. Further, Tables III and IV reveal»d a considerable 
Overlap in the frequency distributions of final-trial scores. These findings suggest 
that attenuation in correlation with training arises because some Ss with initially low 
scores show relatively rapid rates of improvement and, in the final stages of prac 
tice, perform at a level comparable to Ss whose initial level of proficiency was much 
higher. One possible explanation of this phenomenon is that some Ss are initially 
Poor performers because of lack of opportunity in the past to acquire habits which 
generalize to the skill being learned. When given an opportunity to practice à specific 
skill, they can, with sufficient training, attain the level of Ss who have had the 
benefit of relevant prior experience, ^ 

An interesting question to consider is whether all Ss under either massed or dis 
tributed practice will eventually approach a common asymptote, Even though s0me 
Ss change status with training, an examination of Figs. 2 and 3 shows that the mean 
curves are essentially parallel in the final session, with little tendency to converg® 
It appears that all $s would not attain the task asymptote but rather would attain 
an asymptote commensurate with their own ability. The possibility exists, howeveh 


= C. L. Hull, The place of innate individual and specie differences in a natural- 
science theory of behavior, Psychol. Rev., 52, 1945, 55-60. 
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that the correlation between initial and findl measures of performance will continue 
to decrease as training progresses. If, with extensive practice, this correlation ap- 
proaches zero then differentiation between Ss of low and high ability ceases to exist. 
If, however, the correlation stabilizes at some intermediate positive value, then 
some differentiation between low and high ability persists at these advanced levels. 
Additional experimentation involving prolonged practice is needed to answer these 
questions, 


SUMMARY 


Two groups of Ss were trained on the Rotary Pursuit Test, one with 
massed and one with distributed practice. Each group was subdivided into 
deciles on the basis of initial performance, and the learning curves of the 
various subgroups were compared. The form of the curves did not, for 
the most part, vary significantly with level of ability, The results of the 
experiment support the assumption that general laws of learning based on 
sample statistics hold throughout the range of learning ability. 


FIGURAL AFTER-EFFECTS IN AUDITORY SPACE 


By JoHN KRAuskoPr, University of Texas 


The Kóhler-Wallach theory of figural after-effects represents the first 
translation of the principle of isomorphism into concrete neurophysio- 
logical terms. Although still in a rudimentary stage, it seems able to en- 
compass much of the data on the perception of contours. The distortions 
of visual space following prolonged fixation of visual objects, which 
were first reported by Gibson? and further investigated by Köhler and 
Wallach, provide the primary data for the theory.? The theory has been 
elaborated only for two-dimensional vision, but if the assumption is made 
that the Kóhler-Wallach model is a mechanism associated with place- 
tepresentation in the cortex, similar shifts should be expected in other 
perceptual dimensions. The existence of figural after-effects in the visual 
third dimension reported by Köhler and Emeryt may be taken as evi- 
dence for the existence of a mechanism underlying the perception of depth 
similar to that proposed by Boring.5 The discovery by Deutsch of after- 
effects in auditory pitch,® and the kinesthetic after-effects reported by Gib- 


* AE for publication April 2, 1953, This paper is adapted from a dissertation 
submitted to the University of Texas in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. The research was directed by Professor M. E. Bitter 
man. 

„` Wolfgang Köhler and Hans Wallach, Figural after-effects: an investigation of 
visual processes, Proc, Amer. Phil. Soc., 88, 1944, 269-357. ^ 
...J. J. Gibson, Adaptation, after-effect and contrast in the perception of curv 

lines, J. Exper, Psychol., 16, 1933, 1-31. 

Recently Osgood and Heyer, elaborating on the work of Marshall and Talbot, 
have developed a statistical theory of figural after-effects which is based on à mor 
orthodox conception of neurophysiology than that of Köhler and Wallach (C. P. 
Osgood and A. W. Heyer, Jr., A new interpretation of figural after-effects, Psy (i 
Rev., 59, 1952, 98-118; W. H. Marshall and S, A. Talbot, Recent evidence b 
neural mechanisms in vision leading to a general theory of sensory acuity, in i 
Klüver (ed.), Visual Mechannisms, Biol. Sympos., 7, 1942, 117-164). The m 
of Osgood and Heyer deals effectively with much the same data as that of Köl 
ac EU and no contradictory predictions from the two theories have as Y 

en made, " 

* Köhler and D. A, Emery, Figural after-effects in the third dimension of visual 
space, this JOURNAL, 60, 1947, 159-201. 

E G. Boring, The Physical Dimensions of Consciousness, 1933, 118-119. J. 

J. A. Deutsch, A preliminary report on a new auditory after-effect, Qua’ 
Exper. Psychol., 3, 1951, 43-46, 
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a 

son’ and by Köhler and Dinnerstein,® support the view that figural after- 

effects reflect a general characteristic of place-systems. 

_ The case in auditory space is less clear, since no anatomical projection 

area has been as yet reported. Jeffress, however, has made an argument 

for a place theory of auditory space,” proposing a neural model for the 
conversion of difference in time of arrival at the two ears into place. 

“If we accept his argument and the notion that figural after-effects are a 

Property of place-systems, it is reasonable to look for such effects in 


— o space perception. 
— Flugel has done the pioneer research in this area.” In experiments designed to 
dy ‘fatigue’ in the auditory system he found that monotic stimulation resulted 
© in a shift of the dichotically determined apparent medial plane, Flugel's Os were 
asked to adjust the phase-difference of a dichotic tone until it appeared medial, 
Following monotic stimulation, the medial plane determinations were repeated, and 
it was found that the phase-difference was adjusted by the Os so as to simulate a 
Sound coming from the side of the ‘fatiguing’ tone, Flugel concluded from this 
"évidence that monotic stimulation fatigued the peripheral auditory apparatus. 
— Bartlett and Mark contested Flugel's hypothesis and attempted to demonstrate 
the central nature of the phenomenon." They repeated his experiments, using both 
- monotic and dichotic fatiguing stimuli, with the dichotic stimulus adjusted in phase 
so that it appeared to be coming directly from one side. In these experiments 
Flugel's results with monotic stimulation were corroborated, but similar results with 
E ‘fatigue’ also were obtained, Both sets of results were attributed to a central 
ect, 
- More recently Jones and Bressler performed similar experiments which were 
_ ‘Specifically designed to test the Kéhler-Wallach conception.” Their test was the 
Same as that employed in the earlier studies (je. measurements of shifts in the 
apparent medial plane as a function of prolonged stimulation) but they were par- 
! ticularly interéeted in demonstrating the existence of a 'distance-paradox' similar 
to that obtained by Kóhler and Wallach in vision. For this reason, they used two 
; fatiguing tones, one 90? and the other 60? to one side of the medial plane. They 
i found shifts of the medial plane in the direction of the fatiguing stimuli following 
Satiation at both points, with a greater shift at 60°. These data were taken as 
evidence of a distance-paradox in auditory space analogous to that found in vision, 


While these results suggest that distortions can be induced in auditory 


1 Gibson, op. cit., 1-31. is, i ji 
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space, more evidence is required for the establishment of an analogy to 
figural after-effects in vision. The experiments to be reported were de- 
signed to serve three principal purposes: (1) to provide further evidence 
for the existence of displacement-effects and their decay in time; (2) to 
Provide further data on the distance-paradox, particularly the ascending 
portion of the curve which is not evident in the data of Jones and 
Bressler, and (3) to test a new deduction from the Kóhler-Wallach 
model concerned with the effect of satiation on the variability of medial- 
plane judgments, 
EXPERIMENTAL DESIGN 


Experiment I. The data of experiments on figural after-effects in vision 
telate to changes in the distance-relationships among simultaneously per- 
ceived contours (the simplest judgment possible being the comparison 
of the distance-relations among three parallel lines). Since the problem 
of interference makes this method inadvisable in audition, a method of 
single stimuli was employed. The Os were required to make the same 
judgment in all phases of the investigation, namely, to place a sound 
so that it appeared to lie in the medial plane. A correlate for mediality 
must therefore be derived from the Kéhler-Wallach model, Köhler and 
Wallach make no statements about the perception of absolute locality, 
but, if a functional framework supplied by stimulation in other modalities 
or by anatomical boundaries is postulated, a correlate for mediality can be 
specified: A stimulus will appear medial if its figure-currents interac 
equally with the framework to left and right. In a homogeneous cortical 
medium this condition reduces to a symmetrical distribution of figure- 
currents about the center of the projection-area. If the impedance is greater 
on one side than on the other, there will be less interaction on that side 
and the stimulus will appear to be shifted to the side of the lower im- 
pedance. 

We may ask how this model accounts for the variability of judgments of 
the medial plane, Fig. 1 will help in answering this question. Stimuli 
falling somewhere in the neighborhood of the medial plane but not 
exactly medial will give rise to asymmetrical interactions which are not 
noticeably different. We may assume that stimuli falling between the two 
Points (P), one on each side of the medial plane (M), will fulfill this 
condition while stimuli falling outside this region will not. If it is asked 
what will be the effect of satiation at the medial plane, a new deduction 
from the Kéhler-Wallach model follows. Satiation at M should result in 4 
reduction of the spatial difference limen at that point. If we indicate & 
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increased impedance (shaded area) resulting from prolonged 
at M, we see that the figure currents of stimuli to the left of 
plane encounter more impedance to the right, while those to 
; of the medial plane encounter more to the left. The points P, 
jously were indiscriminably different from M, now are noticea- 
rent, and two new points (P^) mark the boundaries of the func- 
-medial region. The first experiment was designed to test this 


e. The experiment was conducted in a sound-proof room, The O sat at 
| of 200 cm. from the center of a horizontal track perpendicular to his 
d, with his head fixed in position by a bite-board. Mounted on the 
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CURRENT 


Pps M P'P 
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Fig, 1. HYPOTHETICAL DISTRIBUTION OF FIGURE-CURRENTS AND 
" INCREASED IMPEDENCE j 
plane; P, just noticeably non-medial locus before satiation; P', just 


non-medial locus after satiation; the shaded area is a o d of increased 
impedance produced by prolonged stimulation at M. 


\ 
was, 100 cm. long, was a Jensen VH-91 hypex horn. This speaker could 
ioned on‘ the track not only by E but also by O, who was provided with a 
ontrol knob connected to the speaker by a gear-and-shaft system. The 
us and O were positioned symmetrically with respect to the walls of the 
to reduce differential effects of sound-reflection from the walls. The stimulus, 
lltered broad-band noise, constant in intensity and not much above threshold 
nerated by an apparatus located in an adjoining room. The same sound 
both for satiation and for determinations of the medial plane, The experi- 


lane settings (by the method of adjustment) both before and after a 
d of satiation. The control session differed from the experimental only 
2-min. silent interval was substituted for the satiation period. Half the 
tested first under the control condition, and the other half were tested first 
experimental condition, In order to minimize the satiation resulting from 
seties, the Os were encouraged to make the medial-plane determinations 
the sound source was turned off promptly following each setting. 
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Experiment II. The effect of satiation at points removed from the medial 
plane on subsequent determinations of the medial plane may be deduced 
from the same assumptions as the effect of satiation in the medial plane. 
A physically medial stimulus which encounters an asymmetrical distribu- 
tion of impedance will appear shifted to the low-impedance side, If a 
region to the right of the medial plane is satiated, a physically medial tone 
should appear shifted to the left, and some point previously perceived 
to the right should now be accepted as medial. On the assumptions of 
Köhler and Wallach;!* the extent to which the medial plane is displaced 
should first increase as a function of the distance of the satiated region 
from the true medial plane, and then decrease (distance-paradox). By 
requiring O to make several settings after satiation, it is possible to study 
another property of figural after effects—decay with time. Hammer's re- 
sults with visual after-effects indicate a decay-time of the order of one 
or two minutes.!4 


Procedure, The apparatus and the experimental setting were the same in this 
experiment as in the first. Twelve graduate students in psychology served as 0s, 
With each O tested under each of three conditions in sessions separated by intervals 
of one week. The pre-satiation and Post-satiation tests were identical with those of 
the first experiment, The satiating stimulus, which was again 2 min. in duration, 
appeared either 10, 20, or 40 cm. to the right of the mean of O's pre-satiation 
settings of the medial plane. Two Os were tested in each of the six possible orders 
of the three conditions. 

Experiment III, Experiment III was essentially a repetition of Experiment I. The 
procedure was the same, with 36 undergraduates serving as Os. Essentially the same 
apparatus was used for Experiment III, but several changes should be noted: Án 
improved track was employed, with a string-control replacing,'the gear-and-rod 
drive, the effect being to eliminate the slight noise made during settings by the old 
apparatus; a low-pass filter was introduced into the circuit of the noise-generalor 
to reduce the possibility of judgments made on the basis of intensity; the length of 
the track was increased to 150 cm.; and the experiment was conducted in thé 
anechoic room of Mezes Hall. 

Experiment IV. This experiment, a repetition of Experiment IJ, was conducted 
in the anechoic room of Mezes Hall with the improved apparatus of Experiment 
II. There were four loci of Satiation—5, 10, 20, and 40 cm. to the right of the 
medial plane. The locus of the medial plane was defined, as before, by the mean 
of the first 10 settings. Of the 36 Os who served in Experiment III, 24 weze chosen 
(on the basis of minimum variability) to fill the 24 possible orders of the four 
conditions of the fourth experiment. 


^ E. R. Hammer, Temporal factors in figural after-effects, this JouRNAL, 62, 194% 


* Kohler and Wallach, op. cit., 269-357, 
337-354, 
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RESULTS AND DISCUSSION 


The results of Experiments I and III, shown in Table I, are presented 
in terms of the variability of initial and terminal medial-plane settings 
under the two conditions. The measure of variability was the standard 
deviation of the series of 10 determinations. All tests of significance were 
made by Wilcoxon’s non-parametric method for paired replicates.!5 In 
Experiment I the mean SD before satiation for the experimental session 


TABLE I 
ResuLTs or Experiments Í AND III 


— Standard deviations of medial-plane settings (in cm.), The significance of differences 
was tested by Wilcoxon's method for paired replicates. 


Mean SD 
Experiment Condition Diff. 
Pre-satiation — Post«satíation 
Y I Experimental 6.84 4.53 2.31* 
Control 6.39 5.50 .8ot 
Diff. 1.42} 
EIU Experimental 7.10 5-77 1.33* 
Control 9i 7.27 0.44 
Diff. 0.89 


*P <.o1 f P<.o2 iP«.os 


was 6.84 cm., and the mean SD following satiation was 4.53 cm., the 
difference being significant beyond the 196 level of confidence. In the 
control session, too, there was a significant decline in the mean SD (5% 
level) despite the fact thatt here was no interpolated stimulation. The 
decline in the experimental session was, however, larger than the decline 
in the control session, the difference being significant beyond the 2% 
level of confidence. The results of the third experiment show the same 
general pattern as those of the first—the reduction in variability was sig- 
nificant under the experimental but not under the control condition. The 
Slight difference in the results of thé two experiments probably is due to 
‘the fact’ that the Os of the first experiment were graduate students in psy- 
Chology who were more practiced in psychophysical judgments than were 
the undergraduates of the third. (The initial variability scores were some- 
what lower for the graduate group.) In any event, the results of the two 


AE Wilcoxon, Some Rapid Approximate Statistical Procedures, Ametican Cyana- 


mid Co., 1949, 1.16, 
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experiments support the hypothesis that satiation at the medial point 
should reduce the difference limen at that point. 4 
The results of Experiments II and IV were first analyzed in terms of 
the mean difference between pre- and post-satiation settings on each trial ' 
for each condition. In Experiment II, the mean shifts for the first trial | 
of the 20-cm. condition, and the first, fourth, and fifth trials of the 40- | 
cm. condition were significantly different from zero. In Experiment IV, - 
the second trial of the 10-cm. condition and the first and second trials - 
of the 40-cm. condition showed significant shifts. These results suggest - 


TABLE II 
ANALYSIS OF VARIANCE OF MEAN DISPLACEMENTS ON TRIALS I AND 2 Or Expertment IV 
Source Sum of squares df Variance E 
Satiation-loci 631.37 3 210.62 7.45* 
Os 1832.94 23 79.69 2.8* 
Residual 1950.30 69 28.27 


Total 4415.11 
. * Significant beyond the 0.1-% level of confidence. | 


the validity of the dual hypotheses that greater shifts should be found 
for early trials and for satiation loci more removed from the medial plane. 
In order to examine the latter hypothesis more closely, an analysis of 
variance was performed on the mean shifts for the first two post-satiation 


TABLE III 
RasurT or Expermmenrs II Anp IV 
Mean displacements (in cm.) for the first two post-satiation trials 
Locus of satiation (in cm.) 


Experiment 
5 10 20 40 
I ms 0.57 3.39 4,01 
ee — 2.82 0.62 
d —1.33 2.46 1.94 5 
Diff. 3.79* —.52 3.96* 


* Significant beyond the 2-% level of confidence by the t-test; ax= 1.53 cm. (based on re 
sidual error variance), 
trials for each O in each condition. The results of this analysis for Ex 
periment IV are presented in Table II. In Experiment II the only signifi 
cant F-ratio was that for Os (significant beyond the 596 level). In Ex 
periment IV the F-ratios for both Os and satiation-loci were highly sig 
nificant (beyond the 0.1% level of confidence. The difference between 
these results and those of Experiment II is probably a function of the 
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improved apparatus, the use of an anechoic chamber, and the greater 
number of Os. 

The mean displacements for the first two trials of the post-satiation 
periods, together with the differences between the means, are presented 
in Table III, and the mean displacements for each condition of satiation 
ate plotted in Fig. 2. The mean displacements on all 10 trials following 
satiation at 40 cm. in Experiment IV are plotted in Fig. 3. The curve 
shows a distinct decay with time; the mean displacements for the first 


o 
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MEAN DISPLACEMENT 


£ 
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SATIATION LOCUS 


Fic, 2. DISPLACEMENT OF THE MEDIAL PLANE FOLLOWING SATIATION AT 
POINTS REMOVED FROM THE MEDIAL PLANE ; 
The loci of satiation were 5, 10, 20, and 40 cm, to the right of the mean pre-satiation 
Cae of the medial plane. Displacements are given in cm. The open circles are 
or Experiment II (12 Os), the solid circles for Experiment IV (24 Os), and the 
half-solid circles the two experiments combined. 


two trials deviate significantly from zero (beyond the 196 level of con- 
fidence) and none of the other trials shows a significant after-effect. 
Although there is some disagreement between the results of the second 
and fourth experiments, the general pattern is quite clear. Both experi- 
Ments bear out the hypotheses that satiation at points removed from the 
medial plane should produce shifts in the settings of the medial plane 
toward the stimulated side, that the effects should increase as the dis- 


K 
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tance of the satiation region from the medial plane increases, and tha 
effects should fade rapidly in time. The distance-paradox is, in fact, 
partially demonstrated by these data (ż.e., only the rising portion of 
70 1 
6.0 
5,0 


40 


30 


MEAN DISPLACEMENT IN CM 


CUM TROC ES 
TRIALS 


Fic. 3. Decay OF AFTER-EFFECTS FOLLOWING SATIATION AT 40 CM. IN 
EXPERIMENT IV 


8 


curve appears). This is the crucial part of the curve, however, since Jo! 
and Bresslar already have demonstrated the decline in the magnitude of 
effects between 60° and 90°, 
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D 


sions which have a placewise representation, it follows that prolonged 
stimulation in any such dimension should yield alterations in spatial 
relationships. In the experiments here reported evidence of figural after- 
effects in auditory space was sought on the basis of a place theory of 
auditory localization. The following deductions were tested: (1) that 
satiation in the medial plane should reduce the variability of subsequent 
determinations of the medial plane; (2) that satiation at a point removed 
from the medial plane should shift subsequent settings of the medial 
plane in the direction of the satiating tone; (3) that these displacements 
should exhibit a distance-paradox, that is, the effects should first grow 
as a function of the distance of the satiating tone from the medial plane, 
and then decrease; and (4) that the distortions induced should decay 
with time. These expectations were confirmed, although only the rising 
portion of the curve of the distance-paradox was obtained. The data of 
Jones and Bresslar suggest, however, that the curve would be completed 
if the measurements were made over a larger range. The evidence 
strongly suggests that the Kóhler-Wallach model is a general mechanism 
applicable to spatialized perceptual systems. 


THE PRESTIGE AND IMPACT OF VARIOUS PSYCHOLOGISTS 
ON PSYCHOLOGY IN AMERICA 


By SAMUEL W. FERNBERGER, University of Pennsylvania 


During the winter of 1952-1953, the writer did a pilot study at the < 
University of Pennsylvania in an effort to measure the prestige and im: - 
pact of various psychologists upon present-day psychology. This attempt 
consisted in asking graduate students in psychology to check a list of 
names, indicating by one check the familiar names, and by two checks 
the names of those whose special fields of competency were known to them. 
The sample was small and localized in a single institution, but the results 
seemed of sufficient interest to «warrant enlarging the study. 

Letters were sent to chairmen in Departments in 119 institutions offering 
graduate work in psychology, asking them to coóperate in the study? 
Favorable replies were received from 97 of them and the lists were sent 
in September, 1953. The returns were closed on January 15, 1954, in- 
asmuch as it was desired that the first year students should be relatively 
unexposed to graduate instruction, By this date, returns had been received 
from 93 institutions located within the United States as follows: East, 34; — 
South and Southwest, 24; Middle West, 21; Rocky Mountains, 7; West 
Coast, 6; and Hawaii, 1. A total of 2288 graduate students followed in- 
structions and their returns are the basis of the present study. 


Psychologists listed, That the selection of names should be objective, the following 
criteria were employed; (1) persons holding the presidency of the American Psy 
chological Association from its founding in 1892 to 1925; and (2) persons Po 
tributing to one of the first three volumes of History of Psychology in Autoblog- 
raphy were listed" From the latter, the History, we obtained the names of Euro" 
pean psychologists and of some Americans who had not held the presidency of the 
Association prior to 1926. To the combined list thus obtained, four names were 
added: two from America, Titchener and Witmer, (neither of whom was evt 
president of the Association but both of whom had made important contributions 
to psychology), and two from Europe, Ebbinghaus and Wundt (who were added 


* Accepted for prior publication March 22, 1954. This study was aided by í 
grant from the Committee on the Advancement of Research of the University i 
Pennsylvania, „The author's thanks are due Edwin G. Boring and Karl M. Dallen 
bach for their encouragement and many suggestions, and to the Departmen! 
Chairmen and Graduate Students whose coöperation made this study possible. 

1 The institutions listed in Amer. Psychol., 7, 1952, 64-83. 

* Op. cit, Carl Murchison, ed., Vol, 1, 1930; Vol. 2, 1932; Vol. 3, 1936. 
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to act as ‘anchors’ for comparison with other foreign psychologists). A list of 67 
names was thus compiled. The oldest person on the list was Wundt, born in 1832, 
and the youngest was Piaget, born in 1896. 

Procedure, The graduate students were asked to indicate (1) the institution that 
conferred their undergraduate degree, (2) the institution at which they were then 
doing graduate work, and (3) their present status, je. whether just beginning 
graduate work, or if not, the number of years of graduate study completed. 

Instructions: The instructions were as follows: “The names of some psycholo- 
gists are listed below. Read the list carefully and single check the names which are 
familiar to you, and double check each name if you can also state the specific field 
of the individual's contribution to Psychology." 

Actually, in the writer's opinion, the mere familiarity with a name is of little 
Consequence for the present study. For example, before the name of Walter D. 
Scott, one person wrote the word ‘Sir.’ It would seem that a minimal criterion of 
present impact should be, at least, a knowledge of the field of an individual's 
- contributions. 

It should be noted that there is the possibility that some of the names may be 
| erroneously recognized. Though the list contained the first names and middle ini-' 
tials of all within it, some confusion may» have arisen because the respondants were 
unfamiliar with the first names. As cases in point, the annual Directories of the 
American Psychological Association contain 13 Morgans, 12 Katzs, 9 Scotts, 4 
Sterns, 4 Marshalls, 3 Hunters, 3 Sanfords, 2 Angells, 2 Baldwins, 2 Cattells, and 
2 Thorndikes, It is difficult to see how this possible source of error could have 
been avoided and also how to estimate its extent. 


Results. The criterion of a man's impact is knowledge of the field of 
his contribution rather than mere familiarity of his name. For purposes 
Of completeness, however, Table I includes both categories. The rank 
Correlation between rankings of the name recognized and rankings of 
field known is very low, having a rho of only 0.185. The names are 
Arranged in the rank order of the double check, or knowledge of the 
field of contribution. The highest in rank order is E. L. Thorndike, whose 

| field was known to over 90% of those responding. Watson, Terman, and 
Wundt follow closely behind and in that order. The relationships of known 
fields and rank order is in the form of an assymetrical ogive. 

Quartile ranking. The names seem to fall into four groups of almost 
qual size, The top 18 in the distribution had the field known by more 
than 75% of the respondents, The second group ranges from 75 to 2576 
And contains 15 names, The third group ranges from 25 to 1076 and con- 
Sists of 16 names, The last group, of less than 10% consists of 18 indi- 
Es Although not exact, these groups will hereafter be designated as 
quartiles for purposes of convenience. 


The upper i i i ists Thordike Won 
quartile consists of 14 American psychologists— ened g 
€tman, Gesell, Dewey, Hull, James, Thurstone, Titchener, Boring, Seashore, Wood- 
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worth, Tolman, and Cattell. In this group Wundt and Ebbinghaus are Germans, Spear- 
man is British, and Janet is French. 

Contrasted to this, the lowest quartile, of whom field is known, contains only 
the names of eight Americans—in order Royce, Bentley, Bryan, Elliott, Baird, 
Scott, Fullerton and Marshall—while it contains the names of ten Europeans—in 
order, Hóffding, Michotte, Gemelli, Ferrari, Drever, Groos, Kiesow, Bourdon, 
Heymans, and Ziehen. The Europeans with ranking between 75 and 25% are 
McDougall (both European and American background), Piaget, Morgan, Katz, 
Stern, Münsterberg (again both European and American background), Stumpf, and 
Burt. Those in the third quartile of 25 to 10% are Zwaardemaker, Claparéde, Piéron, 
and Thomson. 

It is somewhat difficult to account for these differences in the relative standing 
of the Europeans. Some, like Wundt, Ebbinghaus, and Janet are historic figures— 
men who developed psychology as a science in its earliest stages. They have de- 
veloped larger points of view or special fields, The same may be said of Thorn- 
dike, Watson, Terman, Gesell, Dewey, James, and Titchener in America, all of 
whom are in the upper quartile. Seashore and Cattell are probably better known 
_ for their experimental contributions among the older group. Hull, Thurstone, Boring, 

Woodworth, and Tolman of the younger members from America in the upper 
quartile have contributed largely to method and to point of view, The same may be 
said of Spearman. 

On the whole, the European psychologists come out rather badly in the rank 
| orders, Four (Wundt, Ebbinghaus, Spearman, and Janet) are in the upper quar- 
tile. McDougall and Münsterberg may well be considered Americans, This leaves 
six Europeans in the second quartile (Piaget, Morgan, Katz, Stern, Stumpf, and 
Burt), Only three foreign psychologists (Zwaardemaker, Claparède, and Piéron) 
are in the third rank order group (25-10%), In the lowest quartile, with field 
known less than 10%, 10 of the 18 psychologists are Europeans (Hüffding, Mi- 
thotte, Gemelli, Ferrari, Drever, Groos, Kiesow, Bourdon, Heymans, and ). 
OF the entire list of European psychologists, Spearman, Morgan, Burt, and 
m British, and their contributions have been in English. The im 
Ebbinghaus, Piaget, and Katz has been translated into English. Most 
Contributions of the other foreign psychologists have been in the 
their countries—French, German, Italian, Dutch, and Danish, It may 
that one of the contributing factors to the rank orders, and especially the 
tively poor showing of some of the foreign psychologists is the inabili 
American graduate students to read forcign languages, Another contributing factor 
may be the relative non-availability of foreign language books and scientific jour- 
als in the libraries of some American institutions. 


Marter:pupil relationship. A factor of undoubted influence upon the 
ranking is the number of important psychologists who have been under 
instruction of some ‘master.’ The analysis, for some 102 pupils in 
‘elation to their ‘masters’ will’ be found in the article by Boring and 
Boring. All of the ‘pupils’ are psychologists who have been ‘starred’ in 
Va 
M. D. Borin ing, Masters i American psycholo- 
Biss, this Jounsat Gr 4, 526-534. rcm Ya 
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American Men of Science.* Among the names in the present study, the 
frequency of ‘master’ relation is as follows: Hall, 13; Wundt, 11; Mün- 
sterberg, 9; Angell, 8; Woodworth, 7; Cattell, 6; Titchener, 6; Thorn: 
dike, 6; James, 4; Stumpf, 3; Seashore, Terman, Boring, Dodge, 2 each; 
and Pillsbury, Watson, Dewey, Sanford, Dunlap, Judd, Witmer, and 
Tolman, 1 each. Hence, 12 of the names in the upper quartile are in the 
‘master’ list; 5 in the second quartile, 5 in the third quartile, and none in 
the fourth quartile. 

Productivity. There can be little doubt but that the quantity of produc 
tion, which leads to publication, has an effect upon the impact on present 
day psychology. In a recent article, Dennis emphasized this fact." Thorn- 
dike's bibliography runs to 507 titles. Wundt, Hall, James, and Titchener, 
in that order, have bibliographies of more than 240 titles, For most of the 
individuals under consideration in the present study, it was a simple 
matter to determine the size of their bibliographies by referring to the 
Psychological Registers up to 1932 and to Psychological Abstracts sub- 
sequent to that date, 


The results are not without interest. The average bibliography of the psychologists 
in the upper quartile is 187 titles. In the second quartile the average drops to 143 
titles. The decline continues with an average of 127 titles-for the third quartile, and 
an average of 83 for the last quartile. In the third group, Piéron has 469 titles. If 
he is eliminated, the average of his group is reduced to 101 titles, In the lowest group, 
the elimination of Gemelli with 394 titles lowers the group-average to 61 titles, It 
certainly seems that the number of times one’s name appears in print has an i 
fluence on one's prestige and impact on the science. F 

Volume of publication alone does not, however, tell the entire story. Quality is 
an important factor. This is evident when one considers the case of Ebbinghaus, 
who, though rating fifth in rank order of ‘known fields,’ has a very small bibliog: 
raphy. To quote Dennis, “Ebbinghaus is decidedly the low man (of his group), 
his bibliography containing only 13 items." It appears, however, that in Ebbinghaus 
case, his bibliography is a Poor index of his actual activity as a scientist. . . . While 
high productivity is by no means a guarantee of eminence, it would seem that the 
majority of distinguished Psychologists have been remarkable for the quantity a 
well as the quality of their scientific output." In this connection, it may be men: 
tioned that Gregor Mendel's bibliography consists of only two titles and both were 
published in a small, local, and obscure journal. 


*S. S. Visher, Scientists Starred in American Men of Science, 1903-1943, 194 

141-145. Cf. also this JOURNAL, 52, 1939, 279. 14.9 

Wayne Dennis, Bibliographies of eminent psychologists, Amer. Psychola 9i 

ee dipl Tes y 

p. cit, urchison, ed., Vol. 3, 1932. : i 

' This is an error as David Shakow (Bibliography of Hermann Ebbinghaus, this 
JOURNAL, 42, 1930, 516-518) lists 44 items. 

Dennis, op. cit., 35 £, 
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As was pointed out some years ago, relatively few psychologists publish in any 
quantity.” The study referred to was made of the published contributions for the 
5-yr. period, 1932-1936, of all the full members of the American Psychological 
Association—then numbering 587. Among these, 126 published nothing during 
this period, while almost one-half did not average one paper a year. 

In addition to number of publications there are other factors pertinent to our 
problem that are very difficult if not impossible to evaluate: viz. quality, field, and 
method. Were the contributions confined to narrow fields or were they diversified? 
Were they accepted at the time of their appearance; have they withstood the test of 
time? Did they open up new points of view or new fields? Did they develop new 
techniques or new methods? Above all, are they of general interest to present-day 
graduate students in the United States? The lack of interest in certain fields of psy- 
chology in the United States may be the principal factor in the relatively poor 
showing of the European group. Though many of them have made important con- 
tributions to psychology, their contributions are not in fields that are of present in- 
terest here. The.same, of course, is true of the Americans who stand low in the 
tank order, Some of these, presidents of the American Psychological Association 
during its early years, were not primarily psychologists. Marshall, an architect, and 
Fullerton, a philosopher, are examples. 


Temporal effects. It is possible, from a comparison of the results of this 
and of Visher’s study, to determine the effects of time upon the ranking 
of a number of psychologists whose names were used in this study.’ 
Visher gives the rank orders of frequency of votes in the initial ‘starring’ 
Of psychologists appearing in the first edition of American Men of Science 
in 1903 in which the top 50 scientists in every field were elected by their 
colleagues, Of the 51 psychologists so designated, 27 appear in the present 
list. Table II gives the rank orders in 1903 and in this study, 51 years 
later, Obviously all of this group are Americans. 


As this Table shows, only 6 of the 27 listed have gone up in relative rank, The 
Breatest gain is by Woodworth. Thorndike and Seashore are tied for second place 
Sain and they are followed in order of gain by Franz, Washburn, and Dewey. 
Dewey, 44 yr. old in 1903, lived a long and productive life, dying in, his 93rd 
year in 1952. Thorndike and Franz were the youngest of the group, with Wash- 
burn only 3 and Woodworth only 5 yr, older. All of these psychologists continued 
to produce either up to the present time or until their recent deaths. Obviously, 
those at the bottom of the 1903 list had a handicap for gain, while those near the 
P of the early list had a handicap for Joss of prestige. For those who have gained, 
Dewey and Thorndike were both near the center of the 1903 rank order and the 
Others were near the bottom. 


* " : 
S. W. Fernberger, The scientific interests and scientific publications of the 


ese of the American Psychological Association. Inc.. Psychol. Bull., 35, 1938, 


? Visher, Op. cit., 143, 
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Of those who have lost prestige during these 51 yr., as indicated by rank ordi 
Fullerton, Marshall, Royce, and Bryan show the greatest decline, in that ordi 
Three of these were philosophers rather than psychologists, in the presentdi 
sense, Bryan made one magnificent contribution to psychology but, in later 
went into academic administration, The next group to lose prestige were, in ord 
Baldwin, Calkins, and Sanford. Here the situation seems to be different from thos 
just mentioned. All contributed to psychology but their points of view or expen 


TABLE II 
RANK ORDERS IN 1903 AND 1954 
Rank Order Gain Aye Rank Order Gain 
Names -——————_ or d E: Names |————— — a 190 
1903 1954 loss 1993 1903 1954 loss E 
James 1 9 -8 61 Stratton 15 38 —23 
Cattell 2. 17. -i as Thorndike 16 1. +y 
Münsterberg 3 27 —24 40 Marshall 20 66  —43 SN 
all 4 22  —18 59 Judd 21 39  —18 40) 
Baldwin 5 44 —39 42 Angell m 34 a o 
Titchener 6 m aha 136) Witmer 23, 37 4 EN 
Royce HO. —43 48 Warren 2; 47 -n2 2H 
Ladd 8 36 -—28 61 Dodge 27 46 Á —19 PS 
Dewey 9 7 T2 y Seashore ap 14 d: i 
fastrow 1l0* 748. —18 >40 Pillsbury 37 45 -8 aa 
inford II 41 —30 44 Washburn 49 34 -k8 M 
Calkins 12 42  —30 40 Woodworth 43 15 +28 i 
Bryan Toe Shug) ATUS Franz 44 M +9 
Fullerton 14 61 —47 44 


mental results have not remained important, apparently. One might have expect 
that Baldwin, for his early work in mental development, and Calkins for her Syl 
tem of self psychology, might have remained historical figures, but this does f 
seem to be the case. Sanford dropped psychology to go into academic administratio 

In the middle group are Ladd, Münsterberg, Stratton, and "Warren. The 
three, apparently, are less well known today than formerly. One might exi 
Miinsterberg to be an historical figure for those students interested in industrial api 
plications, and Ladd as the writer of an early scientific textbook. Warren's gr T 
contribution to psychology was the development of psychological journals, and th 
names of journal editors are soon forgotten. 

In the group with still smaller loss of apparent prestige are, in order, 
Hall, Judd, Jastrow, Cattell, and Witmer, Hall has relatively well maintained 
position in spite of being one of the older psychologists in the 1903 list. Both 
and Witmer are more or less historical figures (even though Witmer is still liv ngh 
with prestige because they both initiated work in psychological fields which are still 
of great importance in the present day science, The same may be said of Cattell ai 
Judd, although both contributed important experimental results as well. Jast 
is probably remembered because of his popular and controversial publication 

Those who have best maintained their prestige over the 51.yr. period bk 
gell, James, Pillsbury, and Titchener, by showing smallest loss but no gain I 
rank orders. Of these, the most remarkable is James, who headed the 1903 list ani 
who was 61 yr. of age at that time. His contributions to both psychology 
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philosophy seem to have withstood the passage of time. Titchener has also main- 
tained his position, although he was sixth in the 1903 list, Both Angell and Pills- 
bury had the advantage of being low in the original list. The case of Angell is 
something of an enigma to the writer, because he also went into academic admin- 
istration but relatively maintained his prestige position as a psychologist. 


Sectional effects. There seemed to have been no influence exerted by the 


place of graduate work of the respondents. The analyses were made in lots 
of 300 in the order received and irrespective of the institution of origin. 


TABLE III 


Rerarive Percentaces or Known Frerp at BEGINNING or GRADUATE INSTRUCTION 
AND Aprer AT Least THREE YEARS OF GRADUATE INSTRUCTION 


Grad, Grad. Grad, 
instruct, instruct. instruct. j 
Name — —— — Gain Name © ————— Gain Name Gain 
Begine 3 Begine 3+ in 3+ 
ning yr. ning yr. ning yr. 
Angel 28 0m 4 Groos o. 6 6 Sanford 10 3 o 
Baird 4 9 5 Hal 4 a a Sot Bet) tor i 
Baldwin 3 a9 2 Heymans 1 3 2 64 o9 a 
Bentley 2 19 17 — Hüfding s nd 9 Semn 6 9 M 
Bingham 9 p y Hull . 66 99 3 Stem n 66 n 
Ms 63 92 2 Hunter 10 64 $4 Stratton 5 y 4 
639 2» 2 james n 97 M ‘Stump! 1 L 4 
Burt 9 6 n janet $9 94 MW 'erman 8r 17 
m a 2 20 fastrow 14 DE! "Thomson 3 2 19 
ur 6 x a qud $ Ww 36  Thmdk 8&8 9 17 
cun 6 og » Katz 16 ór 45 Tus $6 9 33 
pere 4 31 27 — Kiesow 1 4 5 ‘Titchener 6 9 » 
Dol. 64 94 30 Ladd 9 4 M Tolman a 99 OM 
Dee 2 $ ao Marshall 94 3 g Warren 4 4 » 
Dunlap 3 ^5 ^ Moll 44 oA 35 Washburn O9 alae 8 ae 
Ebina 10 $7 47 — Michotte 3 1 nu Watson ý 95 » 
Wn — 7 o7 ag Morgan $ 8 p Witmer 9 ^ » 
Fendi 3 n 8 Münsterberg 18 35 37 Woodworth 64 6 n 
Pune a 3 1 — Piaget 44 8o 4s Woudt & wo Nu 
Füllen 9 8 y Piéron 4 A000 Yerkes 4a » 5 
[arg 04 6 6 Pillsbury 7 0a o» 94 3 V 
Gesell a 95 1 Royce 7 30 343 —Zwardemket 6 3O 05 
m oF a 


It is quite astounding how little variation there was in the rank order 
from lot to lot. 

Institutional effects. Also it was hoped that an analysis could be made 
regarding the influence of the institution of the respondents’ under- 
graduate work. This proved impractical because of the great diversification 
fonnd for each graduate institution. For example, a group of 70 at one 
middle western institution reported undergraduate instruction in 44 institu- 
tions. One eastern graduate group of 35 reported 23 undergraduate 
schools, One on the Pacific Coast, with 60 graduate students, reported 24 
Undergraduate schools, and 78 graduate: students from a southwestern 
institution had their undergraduate work in 43 different institutions. 

Years of graduate study, A study was made of the effect of at least three 
Years of graduate instruction and training, A total of 475 students checked 
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that they were ‘just beginning’ their graduate work, while 327 checked 
that they were in their fourth year, while some few wrote in fifth or even 
sixth. The results in terms of percentages of double checks, indicating 
knowledge of field, will be found in Table III. The first and second columns 
Bive the percentages of double check for the first and fourth years respec 
tively, and the third columns indicate the percentage gain over this period 
of graduate instruction, 

Table IV gives the rank orders for the total sample of 2288 respondents 
as compared with the rank orders for the first and fourth years. The names 
appear in the rank order of the total sample and the results for the first 


TABLE IV 
Razarive Rank Onnens: Torat Saupe, Brownin Finst Year, 
AND Arren AT Least Tuner Yrars 
Meme Tel m um Names Toul nhe. e Names Tota ‘ane pi 
Sire uiu H me 2 n4 
P i la Miner z " 3s on 5 54 
$333 Rem con BE. 5 5 
i ws ins Inest » [7] 3 mM n 19-5 H 
u H ms Dunlap A H » bu t Hi $us ^ 
1 4 M Bingham M» 5 » Elliott "ow "v 
3 Weshbum 4 353 39.7 Nui 52^ 
BUH, E ups m uni 
4 NE Gemelli 8 tad 
dg me AON O Bato p mia, 
P 3 E] 5» 35H Fullerton. e 63 S 
8 V. $3 $e 500 
"ow hy $ 46 45 Bourdon a (6 6€ 6 
mp M 4 0 45 — Heymm 4 n OS 
2 ^ ^4 "34 4 Marshall 4 63 P 
ay » oe” Ziehen h 653 
and fourth years will be found respectively i : hird 
y in the second and t 
columns, 

Tt can be seen from Table II that the effect of graduate instruction increased 
ie Percentages ia the case of every name, The top nok mde nr, 'just be 
ginning’ group pair Thorndike and Wundt, and then in order, Watson, Ebbing- 
Bex aell, James, Titchener, Hull, Thurstone, Dewey, Senha Woodworth, 
Boring, Cattell, Tolman, Spearman, Janet, McDougall, Piaget, and Yerkes, the 
We work mia ig from 82 to 41. At the bottom of the list for beginning grade 
Ziele. with ew than « 1% check, ate Bourdon, Fullerton. Grows Marshall, and 
Zichen. From the respondents at this early stage’ wi 596 or less, 13 are Euro 
double: cael LM Americans. Iiis interesting t5 note that the highest 19 
sunl dédinl Wy tht ovp fast bepicaing padi wack cm ots ae gf 
ber the total sample, although the rank order is somewhat dicent 

sroup beginning graduate work double (‘known field’) an average 
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‘of 17.3 names, while the more advanced graduate students double checked an 
average of 34.7 names. Forty names was the highest number double checked for 
beginning group, while for the fourth year group, one respondent double 
checked 63 names. 

For the group who have had at least three years of graduate work, the situation 
‘is different, There were 20 names for whom the field was known to over 90% of 
this group. In rank order they are, Hull, Thorndike, Terman, Watson, Ebbinghaus, 
"Gesell, James, Thurstone, Titchener, Tolman, Wundt and Yerkes, all of whom are 
"known to 97% of fourth year students, Then follow in order the other eight: 
Woodworth, Spearman, Cattell, Dewey, Janet, Boring, McDougall, and Seashore, 
With percentages ranging between 97 and 90. 

From this point the percentages of double check for fourth year graduate stu- 
dents drops off rapidly. In the following order there are 13 names with percentages 
‘ranging from 89 to 50: Piaget, Hall, Morgan, Angell, Stern, Hunter, Burt, Katz, 
Stumpf, Dunlap, Jastrow, Münsterberg, and Bingham. 

At the lower end of the rank order for the fourth year graduate students, there 
Are 14 individuals whose field is known to less than 10% of the respondents, In 
descending rank order they are Höffding, Elliott, Scott, Fullerton, Groos, Baird, 
Drever, Kiesow, Marshall, Ziehen, Bourdon, Heymans, Ferrari, and Gemelli, Of 

14, 9 are Europeans and 5 are from the United States. 
The gain in percentages from the just beginning graduate student to the one who 
has had at least three years of graduate instruction is of interest. In this comparison, 
Ìt must be remembered that a high percentage by the younger group gives the in- 
dividual less chance to gain, 

Of the 14 psychologists who showed the greatest percentage gain (from 56 to 
A1), the rank order is Yerkes, Hunter, Stern, Burt, Morgan, Dunlap, Stumpf, Kate, 
Piaget, Angell, Stratton, Hall, Bingham, and Jastrow. It is these whose impact and 
Prestige is most enhanced by the three years of graduate instruction. At the end 
Of undergraduate instruction, the fields of most of these individuals seem to be rela- 
lively unknown. The next group, whose percentages fall between 39 and 30 as the 
Tesult of three years of graduate instruction, are, in rank order, Franz, Washburn, 
/ ll, Münsterberg, Janet, Tolman, Ladd, Spearman, Hull, Thurstone, Wit- 
Mer, Woodworth, Cattell, Dewey, and Titchener. 

The changes in rank order from the overall sample, the beginning group, and 
group are apparent in Table IV. An inspection of this table indicates 
that there is curiously little change in the three lists. The consistency is more 
pe than the differences, ‘Thorndike, in first place in the overall group, goes 
Es Ee in the other two distributions, Fop io E 

ighest ranking. For the advanced group, the 
the first 13 in the total sample, all are in the top ratings of both of the other 
oups studied, with the exception of McDougall, who comes from the second 
E to tie, for the advanced students with Boring and Seashore. The 
d Yerkes, who ties for seventh place with the advanced group, baving been in 
Mnd tanking for the beginners and 20th for the entire sample. 
Same consistency is true for the lowest ranks, those who, for the total 
had less than 10% double check. The consistency in rank order is certainly 


the variation. 
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Conclusions. Neither the impact of an individual psychologist on present. 
day psychology, nor his prestige seems to be dependent upon the age of 
his contributions. Among the highest ranking psychologists, in this study, 
are those whose major contributions are recent, as well as those who are 
historical figures. For an overall sample of American graduate students 
at all levels of graduate instruction, only relatively few individuals seem 
to have made a really lasting impression, The field of contribution of only 
18, of our total list of 67 names, was known to 75% of the respondents, 
and only six more individuals were so reported in the percentage range 
from 75 to 50. These 24 individuals represent both Europeans and Ameti- 
cans, both old and present day psychologists. This seems a small portion 
of those who, at one time or another, had enough prestige to be elected 
president of the American Psychological Association, or to be invited to 
submit their autobiographies in a published collection. The active Euro- 
pean psychologists and many of recent date seem relatively unknown to 
American graduate students, Part of this may be due to the fact that their 
publications are not in English. 

The results show that three yeats of graduate instruction changes the 
prestige of some psychologists in a few cases, but the consistencies of rank 
order of those reported as just beginning graduate work and those who 
have had at least three years of such instruction are far greater than the 
differences in relative rank order. 


from highest to lowest rank order quartiles, there is a consistent decrease 
in the average size of bibliography. A second factor is the quality of the 
published contribution Ebbinghaus, who ranks from fifth to seventh in all 
three distributions, had a small bibliography, The third factor seems to be 
the kind of contribution, This can be, like Ebbinghaus, the opening of a 
new field; like Thorndike, the contributions to a number of fields; like 
Watson, the development of a new point of view; or like Spearman, the 
development of a new technique, Not only must there be these kinds of 
contribution, but also the present-day graduate students in psychology must 
still be interested in this contribution, either for its present usefulness or 
as an historical €vent. Watson, who ranks second in the total sample, pre- 
sented a point of view that is still widely accepted; while Calkins, rated 
forty-two, also Presented a basic point of view which has not maintained 
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AN ANALYSIS OF ERRORS IN RETROACTIVE INHIBITION 
j OF ROTE VERBAL LEARNING 


By JAMES DEESE and GEORGE W. HARDMAN, JR. 
The Johns Hopkins University 


The literature on retroactive inhibition is very large, yet there has been 
surprisingly little attention to the kind of errors responsible for the ob- 
sérved retroactive effects. This, to some extent at least, is a result of the 
emphasis upon numerical indices of the total amount of retroaction as the 
dependent variable in transfer experiments. Most theories of retroaction 
or transfer are designed primarily to predict the amount of retroaction 
or transfer rather than the nature of S’s behavior which is responsible 
for the effect, 


One frequently cited experiment on the analysis of errors in retroactive inhibition 
is that of McKinney and McGeoch. These authors used a method of complete 
Presentation with retention tested by written recall. Both immediate- and delayed- 
recall tests were given, though complete data are presented only for the delayed- 
tecall tests, Unfortunately, the experiment involved group testing, and, as a re- 
sult, the data are probably not as reliable as they should be. The result empha- 
sized by the authors, and one that has found its way into almost every secondary 
Source on the subject is that about one-quarter of the obtained inhibition in the 
experimental conditions could be accounted for by intrusions of interpolated material 
during the delayed-recall tests of original material. 
| Another set of studies on the analysis of responses during retroactive inhibition 
3 ‘that by Osgood,* who presents a more or less complete analysis of errors in 
Paited-associates experiments on retroaction. The results of his experiments will be 
discussed later; however, it should be pointed out here that he employed paced 
leatning, the typical method for experiments in rote learning. In the present labora- 
toty it has been discovered that much greater success can be achieved in the analysis 
of ettors during verbal learning if the traditional pacing method is replaced by a 
method that allows the S unlimited response-time. That is to say, different results 
are achieved if unlimited response time is allowed. The present authors feel this 


i Accepted for icati : 
s publication March 18, 1953. d 

à 4 ; McKinney and J. A. McGeoch, The character and extent of transfer in retro- 
B^ inhibition: Disparate serial lists, this JOURNAL, 47, 1935, 409-423. 

1e example, J. Deese, The Psychology of Learning, 1952, 203. 
Psych, E. Osgood, Meaningful similarity and interference in learning, J. Exper. 
n 36, 1946, 277-301; An investigation into the causes of retroactive inter- 

EXS, J. Exper. Psychol., 38, 1948, 132-154. : ; E 
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method to be generally superior in the analysis of errors since it more nearly 
exhausts the potential for responding in S. 


The present experiments are concerned with an extension of the method 
of unlimited response-time to a further analysis of errors in retroactive 
inhibition. Data are reported for (1) anticipative learning by the method 
of serial exposure, (2) paired-associates learning in serial exposure, and 
(3) learning of connected discourse by serial exposure. 


METHOD AND PROCEDURE 


The Ss used were 98 undergraduate students at The Johns Hopkins University, 
No S$ had previously taken part in experimentation on verbal learning, and all 
were naive about the nature of retroaction and the purpose of the experiment, All 
Ss were tested individually. Only one experimental session was used; relearning 
occurred immediately after interpolated activity, The material in all experiments was 
presented serially, though method of exposure differed from experiment to experi- 
ment. A total of twelve trials was given the experimental Ss and a total of eight trials 
to control Ss, The details of the separate experiments are given below. 

Anticipative learning. Two groups of 10 Ss each were used in this experiment, 
Both groups practiced for four trials the original material which consisted of 12 
two-syllable adjectives drawn from-Melton's list® The experimental group followed 
this learning with practice on an interpolated list made up of 12 highly similar 
adjectives (the median of Melton’s similarity rating to original material was 2.36) 
for four trials, Finally, this group practiced the original list again for four trials. 
The control group practiced an irrelevant task (counting As in a mimeographed 
Prose passage) for a period of time equivalent to interpolated learning. The lists 
Were exposed on a memory-drum. On the first trial of each list the syllables were 
exposed for 2 sec. with a 2-sec. blank space following each syllable. On all sub: 
sequent trials (including the first trial of relearning) the exposure apparatus was 
halted at the blank space before each syllable in order to give S ainple opportunity 
to anticipate the next syllable, If $ was unable to make a response, he so informed 
E and the next syllable was then presented, 

Ss were given instructions appropriate for serial learning and tested on several 


Preliminary items to make sure that they understood the procedure. In addition, 


they Were informed that E was interested in the mistakes people make during 
learning; consequently, they were not to hesitate to respond even if they were not 
sure they were right. $s were not forced to guess, however, and failures of response 
could therefore, be recorded. 


Paired-associates learning. Three groups of 18 Ss each were used in this experi 
ment. All Ss learned a series of sentences presented in paired-associates form, There 
Were 12 sentences in original learning and 12 in interpolated learning. The first patt 
of each sentence was Presented as a stimulus-item, following which the concluding 
word of the sentence was 


item was Arsenic is , . . , and the response-item during original learning was deadly. 


" E. R. Hilgard, Methods and procedures in th d ing, in S. S. Stevens 
(ed.), Handbook of Experimental Psychology, pm got kamine n S, S: 


presented as a response item, For example, one stimulus- 


———— - x 


a Sy 
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"The pairs were presented in a random order different for each trial (the randomiza- 


tion was based upon a latin square for the total number of trials in the experiment). 
The stimulus- and response-items were printed on 3 X 5 in. cards, On the first 
trial E exposed the items at about the rate of 2 sec. per card. On subsequent trials 
the stimulus-item was held before S and the response-item not exposed until $ 


- either responded or said that he could not respond, The response-item was then 


exposed and 2 sec. later E exposed the next stimulus-item. During interpolated 
learning one experimental group learned to associate the same stimulus-items used 
in otiginal learning with a word very similar to the original response-item, For 
example, the response-item appropriate to Arsenic is in this interpolated condition 
Was poisonous. For the same stimulus-items another experimental group learned to 
associate unrelated words. In the case of the stimulus-item given above, the ap- 


propriate response-item for this interpolated condition was sasteless. In all cases 
“the response-term made an intelligible sentence when paired with the appropriate 


stimulus-item. A control group practiced counting As in a prose passage during 


_ the interpolated period. All groups practiced the original material for four trials 
during relearning. 


Connected-discourse group. In this experiment two groups of 12 Ss each (one 
Btoup was reduced to 11 because it was necessary to discard an illegible record) 
learned, by rote, passages consisting of connected discourse. Both groups learned 


Ln original passage. One of the groups learned a second passage during the inter- 


polated period while the other practiced an unrelated sorting task. (The counting 
of AS was not used as a control in this experiment because the duration of the 
interpolated period was very long, and the counting task became very annoying to 
Ss when carried out for protracted periods.) The sorting task consisted of cards with 
One cardinal compass point indicated by an arrow and the designation North placed 


- at random. The cards were to be sorted into four piles. The task kept Ss occupied 


and interested, while at the same time it was not fatiguing or annoying. Both groups 
telearned the original passage, There were four trials on original learning, four on 
interpolated learning, and four on relearning. The serial method of learning was 
forced by the method of presentation. On the first trial of each passage E read the 
Passage to $ while $ copied it. $ then took a fresh sheet and attempted to write the 
Passage word by word. If $ made an error or came to a word he could not remember, 

Prompted him by giving him the correct word. $ then wrote the correct word 
pore his guess (if it were incorrect) or above a blank space (if he had guessed 
nothing). E never allowed $ to go on without correction once $ made a mistake. 
The two passages ate given below. ‘The first is the original passage and the 


Eo is the interpolated passage. Scored words (see explanation below) are in 
alics, 


The present view of the nature of energy is dictated by the atomic concept of 


m : ^ : sree 
aver according to which atoms have an organization consisting of nuclei intimately 


associ, S à e 

iu ed with positve charges of electricity called protons surrounded by negative 
mes of force designated as electrons.” A y à 

€ contemporary outlook of the substance of organisms is determined by the 


E ci 
p theory of structure according to which protoplasm has a form made of a nucleus 


ur composed of small strands of material named chromosomes enclosed by clear 
es of liquid termed cytoplasm.” 


Method of analysis, All responses were recorded verbatim. The errors were 


E 
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analyzed into the following classes; (1) within-list errors, (2) between-list errors, 
(3) errors not directly from either list, and (4) failures of response. A within-list 
error was an item incorrect but from the same list. Between-list errors were re 
sponses appropriate to the other list. In addition, in the paired-associates experiment, 
between-list errors were classified on the basis of whether or not they were given 
to a stimulus-item with which it had been associated in the other list. 

The connected-discourse experiment presented a more difficult problem, since in 
order to make such passages it was almost impossible to avoid words in common 
between the two lists, These words are largely prepositions, articles, and connec 
tives, which—being impossible to classify—made it necessary to add a category of 
unclassifiable errors. Furthermore, the scoring was done only on the items (italicized 
above) which were different between the two passages. 

Statistical treatment. Data for all parts of each experiment are presented below, 
though statistical analysis of the significance of mean differences is presented only. 
for the relearning data. Since, however, the analysis of the data from relearning 
demanded a correction in terms of regression on scores during original learning, 
analyses of variance were performed on the data from original learning, In no 
Case was there a significant difference during original learning. For each mean 
difference discussed below, the appropriate value of 7 (obtained from analysis of 
covariance) is given. The value of ¢ is given rather than the value of F because 
each analysis concerns only two groups and ¢ is much more familiar in the two- 
group case than is F. 


RESULTS 


Anticipative learning. Table 1 shows the mean errors in each class fot 
original learning, interpolated learning, and relearning, in the anticipative 


TABLE I 
Mean NUMBER AND PERCENTAGE OF Aut TYPES or Error IN AnticipAtive LEARNING 
Failure of Com 
ined 


Condition Within-list Extra-list Between-list response bin 
an 


Mean % Mean % Mean % Mean % 


Control O.L. 10.1 66.0 0.6 p 
" j fi 46 3.9 0.0 0.0 4.6 30.1 

Exp. O.L. 11.0 58.5 2.4 12.8 0.0 0.0 5.4 28.7 188 

Exp. LL. 46 4557 1.5 149 0.3 3.0 3.9. 36.7 10 

Control R.L. 2.0 83 Qu 
hy . 3 Oil) 4.2 0.0 0.0 0.3 12.5 

Exp. RL. AO) 505 10.5 $5... 0.5 $5. 3.5 3B 99 


learning experiment. In each case the data from all trials under each 
condition have been combined, In addition, this table converts each class 
of errors into Percentage of the total. From a comparison of the total 
errors during relearning in the experimental and control groups, it 5, 
easy to see that there was a considerable retroactive effect of interpolated 
learning (f = 5.10). The most striking fact, however, is that the efto! 


s. 
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le to between-list confusion are extremely small even in the 
ental group. For this group they account for only 5.5% of the 
. Another striking fact is that the within-list errors are larger 
perimental condition than in the control condition (/ — 3.53). 
| part at least, the effect of interpolated learning is to increase the 
of confusion within the original material. Further, the number 
of response is larger in the experimental group than in the 
oup (+ = 2.91). 

-associates learning. The results of the paired-associates experi- 
ire shown in Table II. Again, it is apparent that there is a retroactive 


TABLE II 
(BER AND PERCENTAGE or ALL Types or ERROR IN Parrep-Assoctates LEARNING 
Between- Failure of Com- 


Within-list Extra-list i i 
list response bined 
Mean 
Mean % Mean % Mean % Mean % 
1.78 31.1 1.39 24.3. 0.00 0.0 2.56 44.7 5.72 
1.78 29.1 1.72 28.2 0.17 2.7 2.44 40.0 6.11 
1.33 24.7 1.67 30.9  O.II 2.1 2.28 42.3 — 5.39 
0.44 10.7 0.89 21.3 1.89 45.3 0.94 22.7 4-7 
1.94 28.5 1.00 14.6 0.94 13.8 2.94 43.1 6.85 
1.50 62.8 0.61 25.6 0.00 0.0 0.28 11.6 2.39 
0.44 9.4 0.67 I4.I 3.22 68.2 0.39 8.4 4.72 
1.06 27.9 0.78 20.6 0.89 23.5 1.06 27.9 3.78 


suréd"in terms of total errors. In the case of the comparison 
Control condition with the interpolation of synonyms, the / is 5.85; 
of control and interpolation of unrelated words the ¢ is 2.65. 
however, a striking difference between this experiment and the 
one. In the case of paired-associates learning, a very large portion 
erved retroactive effect is due to intrusions of items during 
ted learning. In the group that learned synonyms of the original 
ms for interpolated material, the between-list errors account 
f the total errors. In the group that learned interpolated items 
to original response items, the number of between-list errors 
though such errors still account for 24% of the total errors - 
learning. Thus, between-list errors much more readily account for 
t portion of the retroaction effect in paired-associates learning 
icipative learning. It turns out also, that, in paired-associates 
effect of interpolation seems to be to reduce the confusion 


e 
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within the original list. In both the control-synonym comparison. 
2,58) and the control-unrelated comparison (¢ = 3.01), the wi 
errors are smaller in the experimental conditions than in the control 
tions. f 
It should also be pointed out that the greater frequency of bety 
errors found in the experimental conditions of paired-associates re 
ing is largely due to Ss giving responses appropriate in the other | 
the synonym group 96% of the between-list errors during relearni 
appropriate, while in the unrelated group 77% of the between-list & 
during relearning were appropriate. 
Connected-discourse learning, The mean number of errors (a 
cents) in each category for the connected-discourse experiment are pi 
sented in Table III. It is immediately apparent that there is only a Y 


TABLE III 
MAN NUMBER AND PERCENTAGE or Aut Tyres or ERROR IN CONNECTED-DISCOURSE 


: Within. — Extra — Between- Failure of — Unclassir - 
Condition list list list response 


Control R.L, 8.7 39 a 
Exp. R.L. P IS RA 


control. "The difference in mean number yields a ¢ of 2.98. Perhap 
remarkable that the control condition produced any between-list 
since the control Ss never saw the interpolated list. The fact that b 


list errors do occur in the control condition, however, is due to the! 


material, For example, the phrase atomic concept in the original n 
Was sometimes replaced by atomic theory by control Ss; theory, 
word appropriate to the interpolated material, Despite these “ 
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occurrences of interpolated words, the experimental group clearly showed 
more between-list errors during relearning than did the control, This 
difference, however, is almost completely counterbalanced by a greater 
frequency of within-list errors in the control condition during relearning 
(t = 2.64). Thus, while it appears that between-list errors can be pro- 
duced by the interpolation of connected-discourse learning like that used 
in the present experiment, it also appears that within-list errors can be 
reduced sufficiently to result in no net retroaction, 


DISCUSSION 


The major finding in the present study is concerned with the differences 
in patterns of error during relearning (and hence in retroaction) produced 
in the three experiments performed. In the experiment using anticipative 
learning, most of the increase in errors due to interpolation was the result 
cither of within-list errors or failures of response. A very small portion of 
Such errors was actually due to intrusions of interpolated responses during 
telearning; likewise, there was a very small residue of errors not assigned 
to any of these categories (extra-list errors). On the other hand, the be- 
tween-list errors contributed a sizeable amount to errors during relearning 
in the paired-associates experiments, Likewise, in these experiments, inter- 
polation appeared to reduce within-list errors. Finally, in the connected- 
discourse experiment, it was shown that, despite the lack of a net retro- 
active effect, there was a pattern of effects produced by interpolation like 
those in the paired-associates experiment. Between-list errors were in- 
creased by interpolation while within-list errors were reduced. 

The importance of these findings is two-fold. First of all, they rein- 
force the conviction that retroactive inhibition is a complex phenomenon, 
the causes of which are several and variable with experimental conditions. 
The fact, for example, that the pattern of errors in relearning for anticipa- 
tion is markedly different from that for paired-associates suggests that 
these two conditions of learning produce different kinds of retroactive 
effect, Secondly, the results of this experiment add weight to the notion 
that interference from interpolated learning at the time of relearning is not 
Necessarily the most important cause of retroaction. 

The idea that competition from interpolated responses at recall produces 
Tetroaction seems to apply fairly well to the case of paired-associates learn- 
NB. AS a more general notion, however, the present experiments suggest 
that the source of competition in retroaction is determined by the context 
of learning. For example, anticipative learning forces the learner to asso- 


Cte successive items with one another, so that a given item is always 


g 
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within the context of the list in which it appears. In paired-associates learn- 
ing, however, the task for the learner is no successive association, The 
stimulus-item itself, not the list in which it appears, is the primary deter- 
miner of context. By the nature of retroaction experiments, there are asso- 
ciated with any given stimulus-item two responses of approximately equal 
strength (though one is more recent than the other), Consequently, the 
context forces errors based on this common connection. The passages for 
the experiment on connected discourse were constructed in an attempt to 
“maximize the possibility of confusion between the contexts of the two 
passages used. That the attempt was at least partially successful is indicated 
by the fact that the between-list errors were appreciably increased by inter- 
polated learning. 

In view of the context theory schematically stated above, a word needs 
to be said about the relation of the present experiment to the earlier ones 
cited in the introduction. McKinney and McGeoch teported that about one- 
quarter of the total errors produced in a delayed measure of retention 
(recall) could be attributed to interpolated responses.? This was only true, 
however, for delayed recall (15 min. and 11 days) ; the exact figures for 
immediate recall were not presented. By inference from the published 
tables, however, it is apparent that between-list errors for immediate recall 
were negligibly small, as in the Present anticipative experiment. The delay 
in recall must, therefore, have served to reduce the boundaries between the 
contexts of the two lists. This interpretation deserves further exploration, 

In the paired-associates experiments a considerably higher proportion 
of between-list errors was found than appeared in Osgood's experiments 
using the same technique.’ This outcome is also predictable from the con- 
text hypothesis. The stimuli in Osgood's experiment were not ‘meaningful’; 
that is to say, they had no connection with the response-item in S's his- 
tories. The stimulus-items were letter-pairs such as tg and the response- 
items were adjectives. In the present experiment the stimulus- and response- 
items, even in the case of appropriate between-list errors, made meaning- 
ful sentences (for example, Arsenic is deadly and Arsenic is poisonous), 
but the occurrence of a within-list error would not make sense (for eX 
ample, a typical within-list error would result in the sentence, Arsenic is 
empty). Such was not the case in Osgood's experiment. Within-list errors 
were just as meaningful (or meaningless) as between-list errors. Thus, the 
errors were not nearly so liable to be determined by the context of the 


* McKinney and McGeoch, op. cit, 409-423, 
7 Osgood, op. cit, 277-301, 132-154. 3 
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Is themselves, but were more typically associated with the set 
t list being practiced. 


SUMMARY 


is of the source of errors producing retroaction was performed 
rom three experiments: (1) learning by the method of antici- 
| learning by the method of paired-associates, and (3) learning 
| discourse by serial presentation. The results show that the 
retroaction depends upon the kind of learning and material used. 
e learning of lists of adjectives, practically all of the increase 
| relearning due to interpolation was the result of either failure 
of confusion of items within original learning. Only 5.5% of 
rors in relearning after interpolation could be directly attributed 
trusion of interpolated material. In the case of paired-associates 
a much larger proportion of the total errors in relearning could be 
buted to intrusions of interpolated material. Depending upon 
used, the percentage varied from 24 to 68. In the case of 
sociates learning, the effect of interpolation was to reduce the 
errors during relearning. The learning of connected discourse 
retroaction at all measured in total errors, The net effect of 
n in this case was to increase the number of intrusions of 
material during relearning and to decrease the number of 


d in terms of the hypothesis that the source of associative 
ning depends upon context. 


SUCCESSIVE AND SIMULTANEOUS DISCRIMINATION AS A 
FUNCTION OF STIMULUS-SIMILARITY 


By EuGENE F. MAcCasLIN, Human Resources Research Office 


The relative difficulty of simultaneous and successive problems in two- 
Choice discriminative situations has been studied in several recent experi- 
ments. The problems differ in two important respects, and it is these 
differences to which we may look for an explanation of their relative 
difficulty. First, while the simultaneous problem can be solved in terms of 
the differential reinforcement of afferent components, the successive prob- 
lem cannot, Thus, Spence's early theory of discriminative learning,? which 
dealt only with the consequences of differential reinforcement along 
Specific afferent dimensions, could not handle the solution of successive 
problems, and extensive revision became necessary? Spence now treats the 
Successive solution in terms of the concept of stimulus-compounding, and 
_he is thus led to the conclusion that the successive problem must inevitably 
be more difficult than the simultaneous, Although some of the evidence 
Which appears to contradict this conclusion* may be circumvented by 
Spence in terms of still a third Category of solution which is called "trans- 
Verse patterning,"5 other evidence points to the reality of a successive 
solution (“configurational discrimination") based on a process more 


primitive than is implied by the concepts of compounding"and transverse 
patterning.’ 


stated by Philip Weise and M. E. B à anne a 
learning, Psychol. Rev., 58, 1951, 185-195 Response-selection in discri 
43, 1936, b m The nature of discrimination learning in animals, Psychol. Rets 


pence, The nature of the response in discriminati i J. Rev., 59, 
1952, 89-93; see also t Ponse in discrimination learning, Psycho Ü 


Prycbol. Rev., 60, 1953, 371-376, 
a Spence, The nature of the response in discrimination learning, op. cit., 89-93- 
1952, 13 eas and Bitterman, Perceptual organization in the rat, Psychol. Revy 59, 
222 130-140; Bitterman and J. V. McConnell, The rôle of set in successive dis- 
mapunation, this JOURNAL, 67, 1954, 129-132; Wodinsky, M. A. Varley, and Bitter- 
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A second important difference between simultaneous and successive 
presentations, which is independent of the first, was stressed by Weise 
and Bitterman.’ Consider, for example, a black-white (B-IV) discrimina- 
tion, the stimulus-pairs of the simultaneous problem being BW and WB 
and those of the successive problem being BB and WW. Irrespective of 
how the solution of the successive problem is achieved, the solution of 
both problems depend upon the animal's ability to differentiate B and W. 
It is obvious, however, that opportunity for direct comparison of these 
stimuli is afforded by the simultaneous problem but not by the successive. 
Accepting the results of Saldanha and Bitterman as demonstrating the 
extreme difficulty (verging upon impossibility) of discrimination between 
very similar stimuli in the absence of opportunity for direct comparison,® 
Weise and Bitterman predicted an increase in the relative difficulty of the 
successive problem with an increase in stimulus-similarity. 

In general, then, differences in the difficulty of simultaneous and suc- 
cessive problems may be traced to at least two independent factors inherent 
in the structure of the problems—a component-noncomponent factor and 
4 comparison-noncomparison factor—and the implications of each cannot 
be understood except in relation to the other. The experiment here reported 
was designed to demonstrate the róle of opportunity for comparison of 
the stimuli to be discriminated, The hypothesis tested was that an increase 
in the similarity of the stimuli should increase the difficulty of the suc- 
cessive problem relative to that of the simultaneous. 

Subjects. The Ss of the experiment were 52 experimentally naive, male, Albino 
tats, bred in the University of Texas Laboratory from Wistar stock. The animals 
Were 5-4 mo. old at the outset of the experiment. 

Abparatus. A Lashley jumping apparatus was employed which had two 5 X 5 in. 
Windows separated by a partition 1.5 in. wide extending 2 in. in front of them. 
There was a felt net 2 ft. below the windows into which an animal fell following 
an Incorrect choice during training, and behind the windows was a feeding-platform 
containing à small food-cup at the center-rear to which the animal was admitted 
following à correct choice. The circular jumping-platform was equipped with a 
Wire. grid through which mild shock could be administered to break resistance to 
Jumping. The entire apparatus was painted fat black. Seven different kinds of 
au ulusscards were used in the experiment: (1) a small black circle a in. in 
bs ) centered on a white ground; (2) a large black circle (4 in. cer 
VER 9n a white ground; (3) wide horizontal black-and-white stripes Ea ik 
of m stripe being 0.5 in.); (4) wide vertical black-and-white stripes (t e wi 

stripe being 0.5 in.); (5) narrow vertical black-and-white stripes (the 


"i 
Weise and Bi 7 
s itterman, op. cit., 188. $ 
1951 S Saldanha and Bites Relational learning in the rat, this JOURNAL, 64, 
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width of each stripe being 0.25 in.); (6) homogeneous Bray with a reflectance of 
10%; and (7) homogeneous gray with a reflectance of 40%. Several duplicates of 
each type of card were necessary for the work. 

Discriminative problems. Four discriminative problems were studied in the ex- 
periment. Two were simultaneous problems and two were successive. One of the 
simultaneous problems (I) and one of the successive problems (II) ‘required a 
discrimination between relatively dissimilar stimuli; while the other simultaneous 
(II) and successive (IV) problems involved quite similar stimuli. Each of the 
problems was really a double problem—that is, the animal was required to learn 
discriminations between two pairs of stimuli concurrently. In Problem I the Ss 
learned simultaneous discriminations between the two circles differing in size and 
between the wide. horizontal and vertical stripes. Both discriminations were known 
from previous work to be relatively easy—that is, the size difference between the 
circles and the directional difference between the stripes were large and readily 


TABLE I 
ILLUSTRATION oF THe Four ProsLeMs 
Catd-paic* Problem Rewarded 
I I IH IV nc 
1 HV HH Vv VV right 
2 VH VV vV vv left 
3 Ls LL Gg GG right 
4 SL SS gG gg left 


H wide horizontal stripes; V, wide vertical stripes; L, large circle; S, small circle; v, nat 
row vertical stripes; G, light gray; g, dark gtay. HV means wide horizontal stripes in the left 
window and wide vertic stripes in the right window. 


discriminable. In Problem II the Ss learned successive discriminations with the 
same stimuli as were used in Problem I. In Problem III the Ss learned simulta- 
neous discriminations between light and dark Bray and between wide and narrow 
vertical Stripes. These brightness and size differences were small compared with the 
directional and size differences involved in Problems I and II. In Problem IV the 
Ss learned successive discriminations with the same stimuli that were used in 
Problem III. The four problems are illustrated in Table I. It should be noted that 
there were four possible variations (sub-problems) of each main problem. For 
example, in Problem I the Ss could be tewarded for responding to large circle and 
vertical stripes, large circle and horizontal stripes, small circle and vertical stripes, 
or small circle and horizontal stripes. Similarly, in Problem II the Ss could be 
reinforced for jumping left to horizontal stripes and large circles and right to 
vertical Stripes and small circles, left to vertical stripes and large circles and right 
to horizontal stripes and small Circles, and so forth. All four variations of each 
EN SUUM Ss in each group being randomly assigned to one or the 

P, reliminary training, The Ss were placed on a 24-hr, feeding schedule for & 
period of two weeks during which they were handled extensively, and they were 
then trained to respond to open windows in the jumping apparatus. The jumping- 
platform was moved as near as Possible to the windows, On each of two days, prio! 
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to daily feeding, each S was placed on the jumping-platform and allowed to move 
freely about from this platform through the open windows onto the feeding-plat- 
form where food was available. During the next four days this procedure was 
continued, with the distance of the jumping-platform from the open windows being 
gradually increased by 0.5-in. steps to the maximum of 9 in. at which point no S 
was able to traverse the distance without jumping. Throughout this period, the 
following system of forced and free jumps was adopted to counteract positional 
bias: (1) free jump; (2) forced jump to non-preferred side (on jump 1); 
(3) forced jump to preferred side (on jump 1); (4) free jump; (5) forced jump 
to preferred side (on jump 4) ; (6) forced jump.to non-preferred side (on jump 4). 
This systematic procedure seemed to have accomplished its purpose, Almost all the 
Ss showed considerable flexibility with respect to positional preferences. On the 


TABLE II 
MEDIAN PERFORMANCE OF THE Four GROUPS 
Groupl GroupII Dif.  Grouplll GroupIVt Dif, 


Initial errors 29 42 13* 143 26 126 
Total errors 48 74 26* 185 33 153 
Days 15 18 3 56 96 46 


* Significant beyond the 5-% level (Festinger's test). 

{ Significant beyond the re level [oic test). 

1 At the conclusion of the experiment, 9 of the 13 Ss of Group IV had failed to achieve the 
Criterion of learning on this problem in 96 days of training. The values entered here for Group 
IV thus represent underestimates of those which would have obtained had training been 
ur pu purposes of the significance test, the Ss not reaching criterion were assigned 

ranks, 


day following this phase of training the Ss were randomly assigned to the four 
experimental groups. Group I (N= 14) was trained on Problem I; Group II 
(N= 12) on Problem II; Group III (N — 13) on Problem III; and Group IV 
(N= 13) on Broblem IV. 

Discriminative training. The Ss of each-group were given 8 trials per day, 2 
trials to each stimulus-pair, with each day's stimulus-arrangements being alternated 
following one of a series of modified Gellermann orders.” On the day prior to the 
fitst day of discriminative training, each $ was given 8 forced-correct jumps, 2 to 
cach of the stimulus-pairs, for the purpose of teaching it to jump at cards, In 
discriminative training, a correctional method was used throughout, with both 
initial and total errors being recorded. On any given trial, an $ was permitted a 
Maximum of three incorrect responses before being guided in the correct direction. 

ch trial was thus terminated by a correct response. The criterion of learning was 
two errorless days. 


Results. The course of learning in each group on each problem is plotted 


x: Fig. 1. Examination of these curves makes it apparent that the dis- 
Stminative problems presented to Groups I and II were much easier than 


j " P ire 
dm W. Gellermann, Chance orders of alternating stimuli in visual discrimina- 
Experiments, J. Genet, Psychol., 42, 1933, 206-207. 3 
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those presented to Groups III and IV. Further evidence of the disparity in 
difficulty between the two sets of problems is found in Table II. Group I 
(simultaneous presentation), for example, averaged only 29 initial errors, 
whereas Group III (simultaneous presentation) averaged 143 initial errors, 

Problems I and II were not very different in difficulty. As shown in 
Table II, the differences between Groups I and II, tested by Festinger's 
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method, nowhere achieve significance much beyond the 5-% level. 
Problems III and IV, the more difficult problems, exhibited, on the othet 
hand, marked differences in difficulty. The difference in performance on 
these two problems, measured in terms of each of the three indices, was 
well beyond the 1-66 level. 

The above Comparisons are taken as evidence of the validity »of the 
hypothesis tested; namely, that as stimulus-similarity increases, the difficulty 
of the successive Problem increases relative to that of the simultaneous 
problem, while the absolute difficulty of both ‘problems is increased. 


? Leon Festinger, The signi i i x 
> The significance of difference between means without referen 
to the frequency distribution function, Psychometrika, 11, 1946, 97-105. 
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Additional support also is given to the finding of Saldanha and Bitterman 
to the effect that, with relatively similar stimuli, discrimination without 
` opportunity for comparison is in many cases impossible. Of the 13 Ss in 
Group IV, 9 failed to reach the criterion in 96 days of training. 

Weise and Bitterman found that under the conditions of their experi- 
ment, the performance of a simultaneous group was significantly inferior 
to that of a successive group. In the present experiment (as well as in 
Spence's study with the T-maze!!) the simultaneous problem was easier 
than the successive even when quite dissimilar stimuli were used. These 
findings pose an interesting dilemma. The apparent contradiction in the 
experimental results has, however, been given a tentative explanation by 
Bitterman and Wodinsky, who have recently reproduced the Weise-Bitter- 
man results with the jumping-stand.1? Discarding the notion of the func- 
tional priority of configurational learning, Bitterman and Wodinsky sought 
for determinants of relative difficulty in the physical characteristics of the 
particular situations employed. In the Weise-Bitterman experiment, they 
argued, configurational organization may have been facilitated (1) by the 
close spatial contiguity of the members of each pair of stimuli, and (2) by 
the fact that § was not required to make direct contact with the discrimi- 
nanda, In the present experiment and in Spence's experiment, they noted, 5 
Was required to approach directly (jump through or enter upon) one mem- 
ber of each stimulus-pair, which might be thought to facilitate differentia- 
tion of the pair into components. They reasoned that the simultaneous 
Problem should be easier to the extent that perception of components is 
facilitated, while the successive problem should be easier where configura- 
tional organization develops. 

_ In a recent experiment with human Ss, Loess and Duncan obtained data 
in accord with the present findings on the rôle of stimulus-similarity.'? 
Their design was somewhat similar to that employed by Grice," Ze. in 
their simultaneous situation two stimulus-cards were presented to S$, 
Whereas in the successive situation $ was presented with one stimulus-card. 
In both Situations, however, $ was required to make a positive response, 
Whereas in Grice's experiment the successive situation demanded a positive 
"sponse in one stimulus-situation and inhibition of response in the other. 


n 
a Spence, The nature of the response in discrimination learning, op. cit., 89-93. 
» german and Wodinsky, op. cit, 371-376. RUE hi 
Neous and Loess and C. P. Duncan, Human discrimination learning with simul ta- 
ac and Successive presentation of stimuli, J. Exper. Psychol., 44, 1952, 215-221. 
Presentati Grice, Visual discrimination learning with simultaneous and successive 
ntation of stimuli, J. Comp. & Physiol. Psychol., 42, 1949, 365-373. 
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Thus, interpretation of the successive situation of Loess and Duncan in 
terms of Spence's theory necessitates, as does that of Weise and Bitterman, 
the assumption of stimulus-compounding. Contrary to predictions which 
might be made on the basis of this assumption, however, Loess and Duncan 
found that with an easy discrimination, the method of presentation (simul- 
taneous or successive) made no difference. With a more difficult discrimina- 
tion, however, rate of learning with simultaneous Presentation was signifi- 
cantly superior to that with successive presentation. The only difference 
between the two sets of stimulus-cards for the easy and for the more 
difficult problems was the addition of triangles (half with apex up and 
half with apex down) to each of the cards for the more difficult problem, 
Tt is perhaps self-evident that this change sufficed to make the cards for 
the more difficult problem more similar to one another, thus accounting 
for the greater difficulty of both simultaneous and successive problems and 
for the increased disparity in difficulty between the two problems. 
SUMMARY 

Four groups of animals were given discriminative training on the 
jumping apparatus. Group I (simultaneous presentation) and Group II 
(successive presentation) learned to discriminate between relatively dis- 
similar stimuli—horizontal versus vertical stripes and large versus small 
circles. Performance of Group I was somewhat superior to that of Group 
II, although the significance of difference in terms of trials and errors fell 
short of the 1-% level of confidence. Group III (simultaneous presenta- 
tion) and Group IV (successive Presentation) were trained with relatively 
similar stimuli—light versus dark Bray and thick versus thin stripes. Group 
III achieved the learning criterion while Group IV did not. The results 
support the hypothesis that as stimulus-similarity increases, the difficulty of 
the successive problem increases relative to that of the simultaneous prob- 
lem, while the absolute difficulty of both problems is increased. Since 
Opportunity for direct comparison of the stimuli to be discriminated is 
afforded by simultaneous presentation but not by successive, this experiment 
provides further support for the concept of relational learning in the rat. 
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By W. C. H. Prentice, Swarthmore College 


M Some twenty years ago, Carmichael, Hogan, and Walter published a 
“study on memory for figures which was especially interesting because it 
threw light on a controversy that was started by Wulf’s report of systematic 
“changes in memory traces.t Carmichael and his associates showed simple 
line drawings to their 5s with a spoken name for each drawing, each of 
two groups being given a different name for the same figures? When S$ 
"Was then asked to draw what he had seen, comparison proved that the 
feproductions had been selectively influenced by the different labels. This 
"result made plausible the suggestion, if it did not confirm it, that assimila- 
tion of one memory to another, or to an archetype, might be a fairly simple 


n Tn the intervening years since then, the nature of Wulf's problem has 
been clarified by the work of Hanawalt, Zangwill, and Hebb and Foord.* 
We now know that whatever changes take place under the influence of 
Conditions like those of Wulf, they operate on S's response in the testing- 
situation (usually the drawing of a picture) rather than on the process of 
“Memory that makes such reproductions possible. This conclusion is based 
On the finding that the process of recognition is unaffected by the very 
"influences that; make such dramatic changes in reproduction. 

LL The assimilation to verbal symbols, demonstrated by Chatmichael, 
Hogan, and Walter, has seemed to some authors, however, to be a different 
ind of change. Graham, for example, implies that the results of Car- 
Michael ef al. represent a perceptual change. Such an interpretation would 
“fate real difficulties for perceptual theory if it were sustained, but the 


- f Accepted for icati Y 
meee publication March 25, 1953. ee ee 
{Friedrich Wulf, Über die Veriadanine von Vorstellungen (Gedichtnis und 


‘the ef C. Carmichael, H. P. Hogan, and A, A, Walter, An experimental study of 
ete eae on the reproduction of visually perceived form, 
H » 13, 1932, 73-86. M 
N. G. Hanaw i JI and recognition, Arch. 
Karbol, 31, 1957 (No 216). 189i au ill yu of the significance of 
souls, in recognition. Brit. J. Psychol., 28, 1938, 12-171 D. O. Hebb and Esme 
nd, Errors 2 visual recognition and the nature of the trace, J. Exper. Psychol, 
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specific evidence on recognition referred to above makes it immediately 


suspect. If the alleged autonomous changes of Wulf can be demonstrated 


only by the method of reproduction, it seems not unlikely that the same is 
true of assimilative effects. The experiment of Hanawalt and Demarest 
corroborates this interpretation.’ They showed that if Carmichael, Hogan, 
and Walter's figures are exposed without labels, the directional distortions 
nevertheless occur in the reproductions, if E asked at the time of recall: 
"Now draw the one that looked like [for example] a canoe." This result 
shows that it is not necessary for 5's original percept to be distorted, It is 
thus legitimate to inquire whether the labeling used by Carmichael ef al, 
does in fact operate at the time of original observation or only later. Their 
results could be due only to specific influences on the act of reproduction, 
in which case a test by recognition should not be expected to show any 
more errors in one direction than in another. 

In the present experiments, the recognition-technique has been used 
with a procedure that is otherwise very much like that of Carmichael et al. 
The purpose was to discover whether the systematic distortions produced by 
naming may be absent when S does not have to draw the figures. 


Procedure, The same figures used by Carmichael and his associates were used in 
this investigation. They were redrawn from his article, approximately 2 in. high on 
4-in. squares of white cardboard, and presented one at a time to $ who sat across 
a table from E, Each card was exposed by hand for 4 sec., and the entire series was 
repeated twice in the same order, 

Instructions. The instructions were as follows: “I am going to show you some 
simple line drawings. I wish you to look at each one with the idea of being able to 
recognize it when you see it again. As I present each one, I will tell you something 
about what the next one will look like. The first one looks something like a bottle 
(stirrup).”” While the first Picture was exposed, E was preparing to turn up the 
second one and announcing, "The next one is something like a canoe (kidney 
bean)." After the entire set had been shown, E said, "Now I will go through 
them once more that you will have a better chance to remember them.” The second 
trial was identical with the first, 

Immediately at the end of the second run, E said, "Now I am going to show 
You a set of figures that includes the ones you have just seen, I want you to pick 
out the ones you saw and read their numbers off to me." E then exposed on the 
table two large sheets containing 60 drawings, each in a 4-in. square and drawn to 
the same scale as those in the original series. The set of 60 represented one each 
of the original 12 figures plus four other examples of the same general type: tWo 
drawn to approximate in varying degree the label used respectively for each expeti- 
mental group. Thus there were five examples of the figure that was sometimes 
called a ‘hat’ and Sometimes called a ‘beehive.’ Two of these were so drawn as t0 


* Hahawalt and I, H, Demarest, The effect of verbal suggestion in the recill 
ORI pus reproduction of visually perceived forms, J. Exper. Psychol., 2s 
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exaggerate those features that would make the picture look like a ‘beehive,’ and 
two were drawn to obscure those features and emphasize the similarity to a ‘hat.’ 
In some cases, the extreme types were borrowed from Carmichael and his asso- 
ciates examples of the distortions drawn by their Ss. In other-cases E had to in- 
vent what seemed to be likely confusions. The figures were arranged in orderly 
rows, but they were unsystematic with respect to any of the variables of the experi- 
ment, some effort being made to 'randomize' the order. Every figure was numbered 
according to its position to simplify recording. 

$ was allowed as much time as he wished. The task of selecting 12 out of 60 
figures typically occupied about 3 min., with the range being between 1-5 min. E 
recorded the number of every figure chosen by S, keeping track of any changes ex- 
plicitly announced. 3 

In most cases, 5 chose exactly 12 figures, one from each set. In a few cases, he 
chose less than 12. In a somewhat larger number of cases, he chose more than one 
form for one or more of the varieties. (Total choices for 60 Ss was 890, or about 


TABLE I 


Names AssicNep To Ficures (rN ORDER or PReseNTATION) ror Two 
Dirrerent Groups or Ss 


List 1 List 2 
stirrup bottle 
canoe kidney bean 
hat beehive 
table hour glass 
diamond in a rectangle curtains in a window’ 
dumbbell eyeglasses 
trowel pine tree 
eight two 
broom gun 
four seven 
letter C crescent moon 
sun ship's wheel 


à 
15 per $.) The last example chosen of any one variety was accepted as the one to 
* counted except in a few cases where S clearly misunderstood the instructions and 
Bave several examples of each variety. In those cases, the instructions were repeated 
With emphasis on the fact that the group contained exact copies of the original 
figures, $ then went back and chose the ones he thought exactly like the originals, 
ind. his choices from that point on are included in the main tabulation. His earlier 
Choices are included with the ‘tentative’ choices (see below). Data from 6 Ss making 
this error are included. 
a Ss were drawn from an elementary class in psychology at the University of 
7 Ornia; all were naive with respect to the problem; none had seen the figures 
bac Of the 60 Ss, half (selected by lot) were given the labels in List 1 and 
the Ta in List 2. The lists are presented in Table I. To test a hypothesis about 
olo Djective nature of the task (see below), E gave half the Ss of each group the 
wing special instruction as they began the recognition-test: “Don't bother 
ie the names, They were only to help you learn the pictures. Just pick out the 
you saw,” 


s r 
4 cu - Because the design of the figures necessarily showed considerable 
IDittariness. it was anticipated that Ss might be able to choose the correct 
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ones so easily as to provide no test of the róle of the labels, Fortunately, 
errors were frequent, and it was not necessary to modify the original group 
of test-figures. No S chose all 12 correctly, and the group as a whole 
averaged 3.7 errors. On one figure, there were almost no errors (the table- 
hourglass figure) perhaps because it was so simple and symmetrical in its 
original form. On two figures the tendency to choose examples that varied 
in one direction from the original seems significantly greater than that in 
the other direction. One such would favor ‘assimilation’ for List 1; the 
other for List 2. Otherwise, the tendency to choose erroneous drawings | 
seems to be equal for the examples drawn to approximate the two labels, 
The errors were scored as ‘positive’ or ‘negative’ depending on whether 
they deviated from the original in the direction of the label given that 
particular S or in the other direction. The results are displayed in Table Il. 


TABLE II 
Correct Cuorces AND Two Types or ERROR IN RECOGNITION 
(N=60) 

Correct choices 457 
Choices of figure more like label 121 
Choices of figure less like label 100 
Total 678* 
Mean ‘positive’ choices 2.01 
Mean ‘negative’ choices 1.67 


* The difference between this number (678) and 12 times the number of Ss (720) results 
from the omission by some Ss of all examples of one or more varieties of figure. Altogether 42 
such omissions were recorded, some Ss Omitting two or three apiece. 

Since many Ss chose more than one sample of some varieties, and the 
Convention of accepting only the last chosen was somewhat arbitrary, @ | 
Separate tabulation of the ‘tentative’ choices was made, This tabulation 
includes all figures mentioned by any S and not included in Table I. Some 
of these choices had been specifically abandoned by $ who might say some- 
thing like, “I guess I made a mistake when I took 9; may I change it to 
42?" Other choices were merely superseded, in the sense that $ would 
select both 9 and 42 with no apparent recognition of any conflict. As noted 
above, a few Ss each chose 25 to 40 drawings through some misunder- 
standing of the instructions, All of their choices are called ‘tentative’ except 
those explicitly named as exact reproductions after the instructions had 
been repeated. Table III shows the results of the ‘tentative’ choices. 

As previously noted, Special instructions were given to approximately 
half the group. One possible interpretation of the results of Carmichael, | 
Hogan, and Walter is that Ss thought they were meant to draw a picture 

like the label rather than like the specific example they had seen. This 
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ity is emphasized by the ease with which Hanawalt and Demarest 
ed the results by an instruction at the time of reproduction, In the 
recognition, S could take an attitude that would lead him to 
pret the label as an instruction to treat the symbol like the label, and, 
E test, to find the prototype rather than the original. It was hoped that 
ng to disregard the label at the time of recognition might counteract 
h self-instruction. As it turned out, Ss given the special warning 
just like those not so warned, Table IV shows the two sub-groups. 


TABLE III ? 
ecr Cuorczs AND Two Types or ERROR AMONG ‘TENTATIVE RECOGNITIONS 
Correct choices 63 3 
Choices of figure more like label 74 
Choices of figure less like label 75 
"Total 212 


is case N = 26 instead of 30 because an error on the part of E resulted 
mission of the special warning for three Ss who should have had 
in order to balance the two sets of labels for this comparison, 
presents data for the first 26 warned Ss instead of all 27.) 

Veral kinds of statistical treatment of these data might be considered 
fOptiate to our problem. Three have been applied. 
st, errors in the ‘positive’ direction have been compared to errors in 
negative’ direction for each set of drawings. Omitting two sets of 


TABLE IV 
Correct Cuoices anp Two Tyres or ERROR ror "WARNED! Ss 
(N=26) 
“Correct choices - 183 
- Choices of figure more like label |i 
Choices of figure less like label 45 
Total 282 
Mean ‘positive’ choices per S 2.08 
Mean ‘negative’ choices per S 1.73 


gs (bean-canoe and table-hourglass) each of which gave a total 
‘than’ 10 errors, a Chi-square test was applied to the hypothesis that 
and negative errors, as different in number as these, might be 
ed by sampling from the same population. When one-half the total 
st Of errors for that case is used as the theoretical expectation for 
res’ in each of the 10 cases, X? equals 6.52 with 9 df. P is thus 

han 0.50, and there is no ground for rejecting the null hypothesis. 
ond form of test is suggested by the distribution of total errors 
the groups of Ss given the two different lists of labels. For the 
ven List 1, the total number of errors was 111; for the group 


n 
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given List 2, it was 110. Perhaps these errors are differentially distributed 
if we look at individual pictures, Each erroneous picture attracting as many 
as 10 choices (thus permitting a theoretical value of 5 or more in each 
cell) was examined to see whether it was selectively chosen by Ss given the 
two sets of labels. There were 10 incorrect drawings that were chosen by 
at least 10 Ss. A Chi-square test here lumps together positive and nega- 
tive cases, and in fact 6 of the 10 cases are positive and 4 are negative. 
Even so, X? turns out to be 6.74 for 9 df. P is again greater than 0.50, 
and there is no reason to reject the hypothesis that Ss receiving different 
labels make the same kind of errors. 

The Chi-square tests omit some of the data, Certain drawings that 
attract a low percentage of choices would achieve our criterion for inclusion 
in the X?-test if we used a larger population. One way of including all 
those drawings that were chosen by only one or two Ss is to divide all the 
errors into positive and negative groups and see what the probability may 
be that such a distribution might result if no selective factor were at work. 
This may be done by using the standard error of a proportion and apply- 
ing it to the raw data of Table Il; in this case N = 221, and the hypotheti- 
cal probabilities of an error being positive or negative are equal. The 
prop, is slightly less than 0.034, and the Z-score we are concerned with is 
thus 1.43. P (one-tailed) is about 0.075, above usual standards of signifi- 
cance despite the obvious inflations of N. A two-tailed test, which is 
probably better justified, gives the discrepancy even less significance. It is 
equally clear that this kind of test shows the data of Tables III and IV to 
be insignificant, since the deviations are smaller and N also is smaller, 

The mean number of errors per $ in the positive direction is almost 
exactly 2.00; in the negative direction, 1.67. The cs for a /-test were not 
calculated, as the insignificance of the differences is clear from inspection. 

Summary. Even with a visual fecognition-test sufficiently sensitive t0 
produce half as Many errors as correct choices, using the figures and labels 
of Carmichael, Hogan, and Walter, it has not been possible to show that 
those errors are distributed in a way favoring selection of a shape more 
like the labe] used during learning. We must conclude tentatively that the 
effect reported by Carmichael js specific to the task of reproduction. The 
present evidence, combined with that of Hanawalt and Demarest, suggests 
that the use of labels during learning does not modify the original 
visual experience or its memorial Process. It is more likely that labels 
produce a selective set affecting the activity of drawing, much as special 
instructions would operate, 


USE OF COMPARATIVE RATING SCALES FOR THE 
EVALUATION OF PSYCHOPHYSICAL DATA 


y Harry HELSON, University of Texas, WALTER C. MICHELS, Bryn 
Mawr College, and ARTIE STURGEON, University of Texas 


nly employed in rating scales may be utilized for psychophysical 
Surements as well as in the evaluation of responses which have no 
ically measureable stimuli. In the absolute method of judgment, 
ough background stimuli may be introduced to serve as anchors, no 
«t comparison of variable and standard is required. In such cases it has 
hown that the basis of judgment is the adaptation-level, defined as 
eighted geometric mean of present and past stimuli. The question 
Can the quantitative theory found adequate for absolute judgments 
Extended to direct comparison of standard and variables as in the 
method Of constant stimulus differences? If this can be done then the 
ting theory of absolute judgment may be applied to the comparative 
Of judgment. This extension obviously requires the introduction of a 
ype of scale, the comparative rating scale, wherein judgments are in 
ns Of comparative categories (much heavier, a little heavier, equal, a 
lighter, much lighter) rather than the absolute type previously in 
testion, If the theory of absolute judgment proves adequate to the com- 
fative type of judgment then not only have we succeeded in extending 
se of the comparative type of rating to psychophysical measurements 
he way is opened up for quantitative treatment of a number of 
physical problems, e.g., time-order effects, which have hitherto stood 
lated phenomena. 


Ocedure. Twelve Os were required to judge five weights ranging from 300 to 
in 50-grm. steps (V) following a standard (S) of 400 or 350 grm. 
ime-order) or one of the standards following the five series weights (Vi: 
» Rr) according to the following categories which may be said to comprise a 
ative rating scale: very much heavier; much heavier; heavier; a little heav- 
€qual; a little lighter; lighter; much lighter; very much lighter. For purposes 


€pted for publication April 20, 1953. 
ty Helson, Adaptation: eyel as a basis for a quantitative theory of frames 


ce, Psychol. Rev, 55, 1948, 297-313; W. C. Michels and Helson, A re- 
n of the Fechner law in terms of adaptation-level applied to rating-scale 
JOURNAL, 62, 1949, 355-368; M. C. Nash, An experimental test ef the 
"Helson theory of judgment, this JOURNAL, 63, 1950, 214-220. ` 
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of quantification, numbers from 1 to 9 were assigned to the response» categories, 
with 1 for very much lighter to 9 for very much heavier. While only the SV, 
results are considered in this study, the order of presentation of stimuli should be 
mentioned here. The 12 Os were randomly divided into two groups, À and B. 
Group A judged SV; followed by V:S: with the 400-grm. standard and Group B 
judged V:S: first followed by S.V. Judgments were next made with the 350-gem, 
standard and the two Broups were reversed so that Group A judged V:S: followed 
by $3V; and Group B began with S:V2 followed by V:S:, Averages for like condi- 
tions constitute the data of this study and are based, therefore, upon 60 observations 
(12 Os x 5 judgments each) of each stimulus. 

The stimulus-weights were obtained by filling 6-oz. medicine bottles with 
sand or shot and were wrapped in paper to obliterate any visual cues as to heavi- 
ness—a precaution which may have been unnecessary since the Os were blindfolded 
‘during the observations. Stimuli such as these have been found to yield much more 
teliable data than the usual cylindrical weights used in weight-lifting experiments, 
perhaps because Os can grasp the narrow necks of the bottles easily, 

A detailed set of instructions was read to each O before the start of observations, 
explaining how the stimuli were to be lifted and returned to position, Two series 
Of practice trials were given for each Condition after which five series were given 
and recorded. The instructions read to the Os were as follows: "You will be pre- 
sented with two weights in succession. After lifting the second weight you are to 
give a judgment by calling it very much heavier than . . . equal to . . . or very 
much lighter than the preceding weight," The full list of categories was read twice 
to the Os to insure familiarity and the practice series showed that such a scale does 
not offer any difficulties to the Os (all graduate or senior students in psychology), 


Results. The data in Table I are the averages of the comparative judg- 
ments translated into a numerical scale in the manner described above and 


TABLE I $ 
AVERAGE COMPARATIVE Scaue Ramos or Wetcut STIMULI BY 
12 Os wit Two STANDARDS 


Standard Stimuli (in d 
REM em. di 
300 350 - — 400 450 500 
400 33 45 5.3 6.3 Ax 38r 
pud 0.38 0.14 0.10 0.16 5 16 8 
42 53 6.1 „0 19. 33 
y SDn* 0.11 0.06 0.14 ds uU 
The values of SD, in this table were obtained by usi f the 12 05 
in this tz e y using the averages of each of the 
e inter-ol Variability is obtained if these Eea multiplied by 3.46.: 


they show a Monotonically increasing heaviness judgment as the weight 
of the stimulus increases from 300 to 500 grm. In this respect the results 
obtained by the Comparative rating scale technique are formally similar t0 
the classical method of constant stimulus differences, The two methods 
differ, however, in that the classical method is designed for and usually 
employs only three comparative judgments, heavier, equal, and lighter, and 
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e data represent the percentage of each category as a function 
. In our method the quantitative data refer directly to the 
en categories of judgment. The values of stimulus eliciting 
le categories in the rating scale may be determined from our 
the comparative rating-scale method yields a much wider 
iety of judgments than does the classical method and should 
gly more useful, The standard errors of the mean values in 
clear evidence of the high reliability of the comparative rating- 


on the sensitivity of the comparative rating-scale procedure 
ere is the fact that the data show the classical negative time- 
found with method of constant stimulus differences, It will 
the stimulus judged equal to the standard 381 grm. when 
is 400 grm. which is the usual negative time-order effect with 
tly, adaptation-level or point of subjective equality (PSE) is 
n the standard is 350 grm., as is expected on the basis of 
underlying this study. Since the time-order error is generally 
a small, though non-negligible, effect in measuring thresholds 
clear presence in the data obtained by the comparative rating 
s that this method is capable of yielding as fine differences in 
the longer, more difficult classical methods for obtaining 
data. Moreover, the method of comparative ratings makes 
theory of PSE, time-order effects, and other psychophysical 
à Which classical methods have not provided. 
n reformulating the Fechner law, Michels and Helson have 
t quantitative predictions may be made of the ratings of a series 
rovided only that certain general conditions are met by the 
le itself.? Essentially these conditions are: (1) the scale must 
Odd number of categories; (2) the central category must repre- 
al’ judgment, and the scale must be symmetrical about this 
and (3) the judgment-scale and the stimuli encountered must 
mt in the sense that the scale be broad enough to include 
Of all stimuli encountered and yet be so narrow that its extreme 
not fall outside the range of judgments elicited by any of the 
Nash has shown that a scale, such as: extremely light; very light; 
3 medium; medium heavy; heavy; very heavy; extremely 
5$ these conditions for the single stimulus method in weight 


EA 


d Helson, op. cit., 360. 
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An implicit assumption in the earlier treatment is that the judgments of 
single stimuli are made in terms of the adaptation-level as a standard. At 
first glance, it might appear that, when comparative judgments are made 
involving a standard and a set of variables, the standard would merely 
replace the adaptation-level as the basis of comparison. Such an expectation 
would require, however, the further assumption that the person forming 
the judgment has been completely successful in suppressing all adaptation- 
effects except those resulting from the standard stimulus, Since adaptation 
is known to play a highly significant rôle in all perception, it would be 
very surprising if this complete success were achieved. It seems more | 
reasonable to suppose that in the comparative judgment neither the 
adaptation-level (4L) found in single stimulus judgments (SAL) nor the 
standard (S) will be the effective AL and evoke the equality judgment, but 
rather that a new comparative adaptation-level (CAL) will be established. 
We may expect the CAL to lie between SAL and S, its exact location de- 
pending on the relative weights of SAL and S in establishing the new AL. 


Quantitative treatment. Yt has been shown that judgments of a series of stimuli, 
assuming a properly constructed tating scale, can be represented by the relation: 
TECE RR log A(X AY) sc. =)... codd ae 
where J is the judgment value on a tating scale running from 1 to 1 + 2N, 
C = 1 + N, X is the magnitude of the stimulus, A’ is the series-adaptation-level 
(SAL), and K' is a determinable function of N and of the conditions under which 
the judgments are made, Equation [1] has been tested under a variety of condi 
tions and has been found to be valid to a fairly high degree of accuracy." 

In accordance with the discussion of the last section, we must replace A’ by the 
comparison adaptation-level (CAL) if a comparative scale is usec. The relation of 
CAL, 5, and SAL is indicated by the fact that the adaptation-level is found to be 
a weighted geometric mean of all the stimuli, past or present, which affect the 
judgment. Hence we can Probably take CAL as a weighted geometric mean of 4 
and S, ie.: 

ETAETA MN E (2] 
where 


Ca, EE Dr E 1:08 


have s = 0,4 = 1, In any practical case, we may expect values between these limits 

We may now rewrite Equation [1] in a form applicable to comparative judg: 

ments. We first express the quality of Equation [2] in logarithmic form: 
log A. = s log S + 7 log A’ = s log S + (15) log A’ 


ENSA doge Losses pl 


E 
' Michels and Helson, op. cit., 361. 
* Michels and Helson, 2b. cit, 361-366; Nash, op. cit, 216-218. 
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C K' log (X241) 55 TERRI eee [4] 
= C 4 K log (X/A). — K's log (S/4),... esee [4A] 


nation, however, since A’ is not the same as the adaptation-level of 
Wt a standard. Hence the only prediction that we can make without 


400-GRM. STANDARDS 4 

ES are least square fits to the data, and follow the telation® J = 
33.4 for the 350-grm. standard; J = 7.5 loge X — 39.6 for the 
400-grm. standard. r 
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further information is that the curve of comparative judgments against log X 
should be parallel to the corresponding curve obtained for the series by the method 
of single stimuli and therefore parallel to each other when different standards ate 
used. 

Equations [4] and [4A] have some interesting consequences in regard to time- 
Order errors. These will be discussed in a later paper, which will also. develop a 
method for the determination of the weighting factors s and 7, 


Fig. 1 shows a plot of the data obtained with the two standards, The 
lines shown have been fitted to the experimental points by the method of 
least squares. Their slopes are 7.5 for the 400-grm. standard and 6.6 for 
the 350-grm, standard.? While these values are not in perfect agreement, 
they do not depart from each other to a significant extent, and the curves 
are close to parallelism, 


Conclusions, The present study has demonstrated that reliable compara- 
tive rating judgments may be made of stimuli when a standard is provided, 
thus bridging the gap between absolute tating-scale methods and classical 
psychophysical methods. 

The comparative rating scale has an advantage over the method of 
absolute judgment because it provides a stimulus-standard which helps to 
stabilize the adaptation-level and therefore the judgments of stimuli, This 
advantage is not as great as might have been expected, due to the fact that 
Series stimuli and residual or background factors, as well as the standard, 
affect the comparative adaptation-level, 

The classical methods of liminal determination, while they provide 


methods for determining thresholds or number of jz4s above or below 


standard, do not establish equivalence of stimuli and response in à 
Psychological continuum. Thus they may tell us by how many jnds two 
stimuli differ, but no one, except perhaps the most practiced O, can make 
even a guess at this number, The comparative rating-scale method makes 
possible determination of the values of stimulus which will be judged to 
differ from a standard by specifiable psychological intervals. 


the theory of absolute jud, i i scale 
^ ments, the maximum slope for a nine category 
mead be 3.5, just about half of that found in the present study. The reason i 
the disagreement is that the equivalence condition of assumption (3) above M 
not met in this experiment, the range of stimuli having been limited to approY! 


A QUANTITATIVE THEORY OF TIME-ORDER EFFECTS 


By WaLrzR C. MicHELs, Bryn Mawr College, and 
Harry HELSON, University of Texas 


The time-order effect (TOE), commonly referred to as time-order 
error, has been the subject of much investigation and has been extensively 
discussed in the literature.t It has both practical and theoretical im- 
portance, One of the most valuable practical results of work on TOE has 
been the knowledge that comparisons must be made in two time-orders 
if errors are to be minimized. In the absence of a quantitative theory, it 
has been customary to assume, however, that the TOE for standard first, 
Variable second (5,V,) will be exactly equal to TOE for variable first, 
standard second (V,S2) .? If this assumption is incorrect, serious errors may 
Creep into psychophysical measurements designed to establish psychological 
equality between physically different stimuli; for example, in the estab- 
lishment of the luminosity function of the C.LE. standard observer. . 
The theoretical importance of TOE lies in its implications for psycho- 
logical scaling and for theories of perception and judgment. 

The successful application of rating-scale techniques and adaptation- 
! level (AL) theory to comparative judgments makes possible the develop- 
"Ment of a treatment of TOE which is quantitative and which integrates 
TOE with other psychological phenomena.* The present study was under- 
taken to test the validity of an extension of adaptation-level theory to time- 
Order effects. 


Experimental test. The detailed procedure by which the data of this study were 
tained has been described in an earlier paper. Lifted weight data were obtained 


i " 
n S, Woodworth (Experimental Psychology, 1938, 438-449) has mentioned 
i Most important studies up to 1938. In this study we shall limit ourselves to 
un and treatment of time-order effects rather than of the temporal de- 

3 ys of these effects, which may be called the time-error. at 
has es detailed quantitative theory of TOE than the one to be presented here 
tionlency Proposed by one of us in an earlier publication: ‘Harry Helson, Adapta- 
0 194. a Am of reference for prediction of psychophysical data, this JOURNAL, 

ilar consideratio i here the assumption of symmetry 
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with 12 Os who judged a series of five weights ranging from 300 to 500 gim. E 
50-grm. steps. Two standards of 400 and 350 gtm. each were employed in two 
time orders, SV; and Vi$;. The 12 Os were divided into two groups to provide 
a balanced presentation with the two time-orders. The weights were judged in 
terms of a comparative rating scale containing the following categories: very much 
heavier; much heavier; heavier; a little heavier; equal; a little lighter; lighter; 
much lighter; very much lighter. For purposes of computation these categories were t 
translated into a numerical scale from 1 to 9; 1 for very much lighter and 9 for 

very much heavier, with the intermediate categories numbered accordingly. The 


TABLE I 
Averace Comparative Scare RATINGS OF Srimutus-Weicuts BY 12 Os 
wiTH Two STANDARDS 
Standard. Stimulus-Weights (in Grm.) AL 
(ngm) Order (psg) Sore 
300 350 400 450 500 
390 ë SV J 4.2 5.3 6.1 7.0 T3 338 66 
Tas 0.11 0.06 0.14 0.16 0.16 
MT 6.0 5.3 4.6 3.8 3.1 365 —5$5 
Om 0.13 0.07 0.10 0.20 0.09 
4» SV J Shue $3 63 71 3o 785 
Om 0.38 0.14 0.10 0.16 0.16 
MSS 6.5 5.9 5.4 4.8 3.9 47 —50 
Om 0.1¢ 0.15 0.14 o. 0.10 


* The values of am in this table were obtained by using the averages of each of the 12 Os. 
The inter-O variability is obtained if these values are multiplied by 3.46. 


data in Table I are averages of the average judgments of 12 Os judging each of 
the stimuli five times and are thus based upon 60 observations. 

The data in Table I show that the TOE found with classical method of constant 
stimulus differences in lifted weights emerges clearly when judgments are made in 
terms of a comparative rating scale. They indicate that Os are able to use such rat- 
5a scales as interva] scales with Breat reliability, as is shown by the small values 
of Om. 

In order that a Consistent convention as to the sign and meaning of TOE be 
followed, it will be convenient to define TOE for SW: as: 

EIA4-—sS; 
and for V:S, as 


negative in the two time orders, If A; and A: for these data are averaged the te 


Xs average is 399 for the 400-grm. standard and 351.5 for the 350-grm. stand- 
ard. 


* 


* Helson, Michels, and Sturgeon, op. cit, 321-326. 
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The close agreement between the averages of A, and A: and the standards must 
be considered fortuitous. We shall show later that such agreement is not to be 
expected in general. In anticipation of the quantitative treatment, we may see a 
reason for this by inspection of the data in Table I. The average difference between 
the judgments of adjacent stimuli is distinctly less in the case of V:S: than it is 
in the case of S:V2, for both standards. This means that a greater change in stimulus 
is needed in the V:S, order than in the S:V2 order to bring about a specified change 


` in judgment. This asymmetry causes Az to differ more from S than does 4h. 


Quantitative theory. It has been shown that the quantitative adaptation-level 
theory previously developed for absolute judgments of single stimuli,’ can be ex- 
tended to comparative judgments. In particular, it was demonstrated that the judg- 
ment J, expressed as the ordinal number in a progressive rating scale which is 
symmetrical about ‘equal,’ can be expressed as a logarithmic function of the stimu- 
lus X as follows: 

Jr =C+ log (X/4). eeu [1] 
Here C has the numerical value assigned to the equality judgment, K’ is a con- 
stant, and A, is the comparative adaptation-level (CAL), which is the AL when 
the members of a series are compared with a standard. The value of A: depends 
both on the series adaptation-level A’ and on the standard 5 with which the stimu- 
lus X is being compared. 

It will be noticed that Equation [1] predicts that the equality judgment will be 
aroused by a stimulus equal to the CAL, rather than by a stimulus equal to the 
Standard, Hence the point of subjective equality is higher than the standard if CAL ! 
is more than S$, and is lower if CAL is less than S, It has also been shown" that 

CAL — A, — $'A*, . TM 
Where A’ is the series adaptation-level (SAL) which would be found by method 
of So-called absolute judgment, and s and 7 are the relative weights of $ and SAL 
in determining A, and are subject to the condition: 


== 
Hence 4, lies between SAL and S. We therefore expect either a positive or 
Negative TOE may be found depending on whether SAL lies above or below S. 
The relative positions of SAL and S will depend on a number of factors, such as 
the adaptation-coefficients and the relative magnitudes of the residual and standard 
stimuli. The negative TOE found in this experiment and in most comparisons of 
Weights by classical methods, for example, is accounted for by the fact that the 
tesidual stimulus for lifted weights is lower than the mean of the stimuli usually 
Employed in the comparisons." Hence the SAL for the series of weights is likely 
to be less than a standard which falls at or near the center of this range. 

The Comparative rating scale technique discussed by Helson, Michels, and Sturgeon 
can be used to considerable advantage in the study of TOE. Suppose that a series of 
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2» stimuli Xi(#= 1,2,3, ...... n) ate presented for judgment in comparison with 
a standard S, the standard being presented immediately before each X; (SV). Tt 
has been shown" that the CAL is then specified by: 


log A: = s log (5/4') + log A’, ............ [2A] 
and that the predicted judgments are 
J= C + K' log (X/A') — K's log (5/20) 5; n [3] 


The point of subjective equality is clearly A;, as we may verify by setting koe 
and A; = X in Equation [3] to obtain Equation [2A]. 

Now suppose that a new set of judgments is made, $ being presented immedi- 
ately after each Xi(ViS:) and that the judgment is of S relative to X;. The stimu- 
lus being judged now has a constant magnitude S, but the comparison adaptation 
level will be different for each Xj, The rôles of S and X, have been interchanged, 
and we can predict the new judgments by interchanging the two symbols represent- 
ing them in Equation {3] to obtain the predicted judgments: 


Jz = C+ K' log (S/A) — K's log (X/A'). ......... {4] 
To find the new CAL for the series, we set Ja — C and set X = A, to obtain 
log A: = (1/s) log (S/4') + (OST A {2B] 


The value of A’ in Equations [3] and [4] cannot be determined directly from 
comparisons, nor can absolute judgments of the series be expected to yield the cor- 
tect value of A’, since the AL of the series will be changed both by the introduc- 
tion of the standard and by the emphasis placed on the standard by the instructions. 
Fortunately, however, a symmetry condition exists and may be used to eliminate A, 
Regardless of the existence of a time-order error, a stimulus which is physically 
equal to the standard cannot be, distinguished from the standard, It is possible that 
the stimulus will be judged heavier (or lighter) than the standard if presented as 
SV but then the standard must be judged heavier (or lighter) than the stimulus 
if presented as ViSs. This statement would be true if the classical technique wete 
used; with the present method it can be extended to state that, the*two judgments 
wis quantitatively equal to each other, though neither may be the equality judg- 
ment. 

In view of these considerations, we can state unambiguously that Jı = Ja when 
Xx = S. In other words, the two curves of J vs. log X should intersect at a point 
which has an abscissa log S, The Consistency of the equations with this statement 
is shown if we replace X by $ and equate J, and Js, in which case we obtain an 
identity. 

We now find it advantageous to rewrite Equation [4] in a form analogous to 
Equation [1], with the help of Equation [2B]. This procedure yields: 

J—C—K': log (X/4,. 451 

A comparison of Equations [1] and I5] brings out two interesting points, In the 
first place, the plots of the judgments obtained with the S; and V:S, procedures 
should exhibit slopes of K’ and — K's, respectively. Hence the ratios of the ob- 
Served slopes may be used to determine the weight s of the standard in determining 
CAL. Secondly, by setting J: = J, and replacing X by S$, we find that 
bus. 

* Helson, Michels, and Sturgeon, op. cit., 321-326, 
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log ($/4:) = — s log ($/4:), 
or 7 T 
s = (log S — log 41)/ (log A: — log S)........... [61 
This relation gives us a second method.of determining s for any particular com- 
bination of stimuli and standard. 


Verification. Figs. 1 and 2 show plots of the data obtained with the 
350- and 400-grm. standards respectively. The lines shown have been fitted 
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Fic. 1. CoMPARATIVE JUDGMENTS OF FIVE STIMULI 
; (350-grm. standard) 4 
lines are least square fits to the experimental points. The average judg- 
wn by the black circle was identical for the two orders. The J values for 
resent judgments of X relative to S; the J values for V:S represent judg- 
ments of S relative to X. 
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to the experimental points by the method of least squares. The last two 
columns of Table I contain the parameters K^ and AL as they have been 
fitted. It will be noticed that the curves in Fig. 1 for the two timé-orders 
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Fic, 2. COMPARATIVE JUDGMENTS or Five STIMULI > 


AAT (400-grm. standard) 
The solid lines are least square fits to the experimental points. The J values fot 
SiV: represent judgments of X relative to S; the J values for V:S: represent judg- 
ments of $ relative to X. 


intersgct almost exactly at log S. The determination of s from the ratio 
of the slopes gives a value of 0.8; a second determination, based 0n 
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Equation [6], gives 0.9—a very satisfactory agreement for the 350-grm. 
standard. In Fig. 2 the point of intersection for the two time-ordets 
departs from log S only by an amount within the experimental error. In 
Equation [6] the value of s obtained is 1.0. The ratio of the slopes gives 
| 5=0.7, so that the agreement is not as satisfactory for the 400-grm. stand- 

- ard as for the 350-grm. standard. The difference between 1.0 and 0,7 does 
| not, however, exceed the experimental error. It is hoped that future ex- 
petiments, in which a wider range of stimuli are used and in which the 
standards are further from SAL, will give more precise determinations of 
5 and will indicate whether or not it depends on the separation of S 
and SAL, 

The average value of s as obtained from this experiment is 0,85 + 
| 0.07, The appreciable departure of this value from unity indicates that 
"SAL, as well as $, is an important factor in the establishment of PSE. 

The fact that the experimental points fall so nicely along straight lines 
on the semi-logarithmic plot and that reasonable consistency is obtained 
in the various determinations of the weighting coefficient indicates the 
Successful application of rating scale techniques and of adaptation-level 
theory to the determination of TOE. 

: Average value of the TOE. An important consequence of this treatment 
is that the average of the two points of subjective equality, obtained by 
the SiV, and the V,S, procedures with a given standard, cannot be ex- 
Pected to be equal to the standard except in very special cases. Since the 
two curves of J vs, log X intersect at log X = log S, and since they have 
different slopesy'the separation of log A, and log S is different from that 
of log $ and log /4,. This fact is apparent in Fig. 1, in which the point 
at Which the V.S, curve crosses the ordinate ] =5 is clearly further re- 
Moved from log $ than is the crossing point of the S,V; curve. If TOE 
_ D negative, as it is in this case, the intersection of the two curves must 


— fall above the equality judgment, and we have the inequality. relation: 


log A, — log S > log S — log Aj, or A2/S > S/A- 
Hence $ is Jess than the geometric mean of A, and Az. Since the geo- 


Etc Mean is always less than the arithmetic mean, it follows, if TOE is 
Negative, that 


S « (A, + Ap) /2. 1 

If TOE is Positive, no such general conclusion can be drawn. In this 

aa the two curves must intersect below the equality judgment, so that 

a 4 < log $ < A,. Because of the lower slope of the curve obtajned 
ith the VAS, Procedure, we find the inequality: 
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log S — log A, > log A, — log S. 

It follows that $ is higher than the geometric mean of A, and A, if TOE 
às positive, but we cannot say whether it falls above or below the arithmetic 
mean unless we have the numerical magnitudes of A,, A,, and s. 

Whenever TOE is small, say less than 596 of S, both the effect of the 
different slopes and the difference between the geometric and arithmetic 
means will also be small. Under these circumstances, the mean PSE will 
be very close to the standard and the usual averaging procedure is justified, 
In all other cases, the comparative rating scale method offers the advantage 
that it demonstrates by how far the mean departs from the standard, and 
it makes possible determination of $ from A, and A, by the use of Equa: 
tion [6] whenever the standard cannot be measured directly, 


Summary, The time-order error can be accounted for as being due to the 
rôle which adaptation-level plays in establishing PSE. The PSE is found 
to be a weighted mean of all stimuli, past or present, which affect the 
judgment. The standard, while exerting predominant influence, is only 
one of the determinative factors, 

Time-order errors have been studied by the use of a comparative rating 
scale. When the order of presentation of the standard and the stimulus 
is reversed, a new relation between stimulus and judgment is found, The 
Only judgment that remains unaffected is that of a stimulus equal to the 
standard. If this stimulus evokes a judgment of equality, PSE or AL i 
equal to the standard and there is no T OE; if it evokes a higher judg: 
ment, TOE is negative; and if it evokes a lower judgment, TOE is post 
tive. The average of the two PSEs obtained with the different time-ordes 
is not generally equal to the standard, although it may be in special cass 


RIMINATION FOLLOWING NONDIFFERENTIAL 
REINFORCEMENT WITH DIFFERENTIAL 
AFFERENT CONSEQUENCES x 


‘A. BiLrINGsLEY, W. E. FEDDERSEN, and M. E. BITTERMAN, 
d University of Texas d 


ent experiment by Bitterman and Elam, rats were trained in the jumping 
discriminate between horizontally and vertically striped cards after 
junts of nondifferentially reinforced experience either with the two 
or with two identical gray cards? Rate of learning was found to 
increasing amounts of nondifferentially reinforced experience of both 
igh the relationship was significantly more marked in the case of the 
Sed to gray cards. Apparently a considerable degree of perceptual dif- 
took place in the course of nondifferentially reinforced experience with 
Cards which offset in part what must be considered to be the general 
effects of nondifferential reinforcement. In the present experiment the 
Of minimizing these retarding effects was explored. A situation was 
in which the difference between a pair of nondifferentially reinforced 
S was consistently linked with a striking difference in the afferent 
Of response (goal-box color) which had in itself no motivational 
The hypothesis was tested that this linkage would maintain an orienta- 
difference between the cards and thus facilitate the subsequent dis- 
between them. 
The Ss were 42 experimentally naive white rats, bred in the laboratory. 
3-4 md. of age at the beginning of the experiment. 
: A two-window jumping apparatus was employed, Behind the windows 
ng platform divided by partitions into three goal-boxes, of which the 
third were painted black and the second white. The position of the plat- 
to the windows could be so changed that it was possible to have 
ite box behind the left window and a black box behind the right or a 
behind the right window and a black box behind the left. Below the 
a cloth net into which the animals fell after responses to locked cards. 
‘ception of the goal boxes, the entire apparatus was mid-gtay in color. 
Mulus-cards were used, of which two were identical gray cards (slightly 
Color than the gray of the rest of the apparatus for the purpose of con- 
€ surround) and two were black-and-white vertically striped cards dif- 
ipe-width. The narrower stripes measured 1⁄4 in. and the wider stripes 
ce there were twice as many narrow white stripes as wide white stripes, 
Were equal in total brightness, In previous experiments in this series, 


d for publication May 20. 1953. "i 
Bitterman and C. B, Elan, Discrimination following varying amounts of 
Hal reinforcement, this JOURNAL, 67, 1954, 133-137. 
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the critical stimuli were striped cards differing in direction (horizontal-vertical) 
rather than width? The more difficult width-discrimination was introduced in the 
present experiment in an attempt to weight more heavily the perceptual aspect of 
the final problem. 

Preliminary training. The Ss were placed on a 24-hr. feeding schedule and main- 


tained on that schedule throughout the experiment. After adjustment to handling — 


they were fed wet mash equally often in white and black goal-boxes over a period 
of several days. Then they were trained to jump gradually increasing distances (to 
a maximum of 9 ig.) from the jumping platform through the open windows, with 
each jump being rewarded by a nibble of wet mash. By shifting the positions of 
black and white goal-boxes and by a system of alternating free and manually guided 


trials, frequency of response to black and white as well as to right and left was | 
equated. On the basis of preferences for position (which were quite marked) and - 
for color (which were relatively slight) manifested during the preliminary training, | 


the Ss were divided into three matched groups of 14 animals each. 

Experimental design. During the first stage of the experiment, which lasted 12 
days, all groups were given eight nondifferentially reinforced trials per day. Group! 
jumped to the pair of gray cards, The alternation of free trials with manually guided 
ones ensured that each $ would jump equally often to the right and to the left, 
and appropriate shifts of the feeding platform ensured that $ would be reinforced 
equally often in black and white goal-boxes. Group II jumped to the two striped 
cards presented equally often in each of the two simultaneous configurations (wide 
narrow and narrow-wide). The system of free and guided trials provided equal 
experience with each card and each window. Half the responses to each catd and 
to each window led to reinforcement in the black goal-box, while the remaining 
responses led to reinforcement in the white goal-box. The conditions for Group n 
were identical with those for Group II, except that there was a consistent relation 


between stripe-width and goal-box color. For half the Ss in Group III, response t0 - 


wide stripes led always to reinforcement in the black box and response to narrow 
stripes led always to reinforcement in the white box; for the reinaining Ss in the 
group the opposite relation between width and color obtained. 

In the second stage of the experiment, all Ss were trained to discriminate be 
tween the two striped cards. Half the $s in each group, selected at random, were 
reinforced for responding to the wide stripes, and the remaining Ss were reinforc 
for responding to the narrow stripes. Since the incorrect card was locked in plac 
each response to it was terminated by a fall into the net. Correct responses Wel 
for each S always rewarded in a box of the same color, Half of the Ss in Group! 
and Group II, selected at random, were reinforced in the white box, and the ^ 
maining Ss in each group were reinforced in the black. For each S of Group n 
(in which there had been a consistent relation between width and color in the first 
phase of the experiment) color of the goal-box was automatically determine 
the selection of the positive stripe-width; the color was the one which had P^ 


* Bitterman, A, D. Calvin, and C, B. El 3 NEMUS 
bid b . B. , Perceptual differentiation 
course of nondifferential reinforcement, J. Comp. & PEG Psychol., 46, 1953 
qoo Bitterman, Elam, and E. C. Wortz, Perceptual differentiation as 4 V" 
tion “Of nondifferential reward and punishment, J. Comp. & Physiol. Psychol, 9 
1953, 475-478; Bitterman and Elam, op. cit., 133-137. 
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viously been associated with that width. All Ss were given eight trials per day by 
the method of correction. A maximum of three errors was permitted on each trial, 
following which 5 was guided in the correct direction; a correct jump terminated 
each trial. The criterion of learning was two consecutive errorless days. 

Results, During the unguided trials of the first stage of the experiment, all Ss 
responded primarily in terms of preferences for position and no $ gave evidence of 
a significant preference for stripe-width. In Table I, the performance of the three 
Broups in the second stage of the experiment is summarized in terms of mean ini- 
tial errors, mean total errors, and mean days to criterion. The differences among 
the groups were very small, and none approached statistical significance, 


TABLE I 
PERFORMANCE Or THE THRE GROUPS iN THE DISCRIMINATION oF SrRiPE-WIDTH 
Index Group I Group II Group III 
Initial errors 21.2 22.2 21.6 
p errors 37.4 37.1 39-4 
lys to criterion 8.1 9-1 9.2 


The close similarity of the performance of Group III to that of Group II con- 
ttadicts the hypothesis which the experiment was designed to test; namely, that dif- 
ferential afferent consequences of response to the two nondifferentially reinforced 
stimuli would facilitate subsequent discrimination between them. It is conceivable, 
however, that this outcome is due merely to an unfortunate choice of stimuli, a 
Conclusion suggested by the complete uniformity of behavior in all three groups. 
Supplementary tests demonstrate that the white rat fails after weeks of training to 
disctiminate between stripe-widths on the order of those employed in this experi- 
ment even under conditions of differential primary (food) and secondary (goal-box 
color) reinforcement when no punishment for errors is administered—that is, when 
stottect response results in admission to an empty goal-box rather than in an 
encounter with 4 locked card and a fall into the net. In view of these findings, it 
* Perhaps not surprising that no perceptual differentiation at all seemed to take 
a in the first stage of the experiment. The hypothesis in question cannot, 
odd be rejected until à test is made with more appropriate stimuli. In general, 
Es f the problem of non-differential reinforcement must be restricted to sela- 

E dissimilar stimuli which are capable of discrimination on the basis of differ- 
ential reinforcement alone. 
fee: For one group of animals trained in the jumping apparatus, the dif- 
sist © between a pair of nondifferentially reinforced stimulus-cards was con- 
( ently linked with a striking difference in the afferent consequences of response 
a). a procedure designed to test the hypothesis that such linkage 
ic Mun an orientation to the difference between the cards and thus facili- 
of th e subsequent discrimination between them. Comparison of the performance 
m € group so treated with the performance of two control groups provided no 

Ppott for the hypothesis, 


RECOGNITION AND THE LOCALIZATION 
OF VISUAL TRACES 


By HANS WALLACH and PAULINE AUSTIN, Swarthmore Colle; 


If an unknown figure is shown in one retinal position, will this figure be 
nized later when it is shown in another retinal position? This question was 
in the affirmative more than fifty years ago by J. von Kries and the expeti 
Becher confirmed Von Kries’ position,’ but psychologists have continued 
some effect of retinal position on recognition, Stimulation of the left half 
retina activates the striate area of the left hemisphere and stimulation of th 
side of the retina activates the right hemisphere. If a figure is first pres 
such a way that its image falls on the left half of the retina and later is i 
on the right half of the retina, the path of neural excitation to the cortical 
of the first process certainly is different from what it would be if the second į 
tation were made in the same retinal location as the first one. If memory tral 
localized at the cortical place of the Primary process which they represent, 
that place is in some other fashion involved in their arousal, such differen 
the path of neural excitation should indeed exist. There is, of course, still the 
tion whether such a difference, if it exists, can be detected. We know of f 


Fic. 1. THE AMBIGUOUS FIGURE 


tempts to show an effect of retinal position on recognition, They all failed at 
results of the work therefore remained unpublished. Our own attempt wh 
here reported was made because we felt that we could employ an unusually 
tive method. 

We used the silhouette of an ambiguous figure which was first used. 
Rock in as yet unpublished research on spatial orientation, This figure is 
recognized as a dog when it is presented with the long axis in horizontal of 
tion, and as a chef when that axis is vertical, Tilted 45° as in Fig. 1 iti 
balanced ambiguous figure, Our experiment consisted in presenting the dog: 
in one retinal position and the chef-version in another one. Finally, the 


* Accepted for publication June 29, 1953 
* Wolfgang Kohler, Dynamics in Psychology, 1940, 128-129. 
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presented in its ambiguous orientation in either one of these positions. It would 
then presumably be recognized either as a dog or as a chef. An effect of position 
would be demonstrated if the ambiguous version were recognized predominately as 
that figure which had previously been given in the same retinal position. 

In an experiment of this kind, the critical figure must be presented in such a 
way that only spontaneous recognition occurs, and no expectation on the part of O 
telated to the purpose of the experiment can be allowed to develop. We therefore 
cast our problem in the form of an experiment on peripheral recognition of familiar 
forms. Nine silhouettes of familiar forms were presented singly in four different 
positions a short distance from a fixation mark, Among these were the dog-version 
and the chef-version of the critical figure. The tenth figure presented was the criti- 
cal figure in its ambiguous orientation. With ten figures presented for recognition, 
there was little danger that O would concern himself specially with one of the 
critical figures, 

Procedure, Each figure was flashed on a screen by an opaque projector for 0.4 
sec. The size of the figures on the screen varied from 3.0 in, to 4.5 in. for the larger 
dimension. The fixation-mark consisted of a light spot of %4-in. diameter (projected 
on the screen by another lantern) which was 53 in. above the floor and remained 
visible throughout the experiment. Each figure was centered about a point 2.5 in. 
ftom the fixation-mark at an angle of 35° above or below the horizontal. It was 
always presented in one of the four positions, upper left, lower left, upper right 
or lower right, except for the critical figures whose position varied. The O was 
Seated at a distance of 53 in. from the screen directly in front of the fixation-mark. 
The room was dimly illuminated by a table lamp placed at the far end behind O. 

The following instructions were given: "This is an experiment on how people 
tecognize things. I will flash some pictures on the screen very quickly. Looking 
ditectly at the point of light, will you name the object which you see? Remember, 
always look directly at the point of light during the exposures. I will give you a 
teady signal before each picture.” 

The non-critical figures used represented the following things: whale, tree, car, 
duck, house, pitcher, and boat. The critical figures were presented in the second 
and sixth places in the sequence—after the whale and after the duck—and in the 
tenth place, They were given only in the upper positions. When the chef-version 
Was given on the left, the dog-version was given on the right, and vice versa. The 
Presentation of the critical figures varied in thtee ways. The dog-version was given 
either on the left or on the right, and it was given either in the second or the sixth 
Place in the sequence; the ambiguous version was given either on the left or on the 
right, We used all combinations of these variations in a balanced design which 
i Involved eight different presentation-sequences. 
the together 87 Os, undergraduates of Swarthmore College, were used. To 39 of 
Rake however, the ambiguous figure was not presented, either because they had 
Re one of the versions of the critical figure (18 Os), or they had zu 
a n Y recognized it (4 Os), or they had seen it as the other version of the criti- 
NC Bure (17 Os). Apparently the dog-version was easier to recognize than the 
Si rion, because 37 of the 39 failures of recognition occurred when the latter 
Er ated, When an O failed to recognize one of the critical figures, tpe pres- 

#00 sequence employed was given to another O. This procedure was continued 
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until each of the eight presentation-sequences had been completed six times and 
48 Os had completed the whole experiment. 

Results. All 48 Os saw the ambiguous form of the critical figure either as a dog 
or as a chef, and as one of them only. Of the 24 Os to whom the ambiguous figure 
was presented in the retinal position in which the dog-version had previously been 
given, 16 recognized the ambiguous figure as a dog and 8 as a chef. Of the remain- 
ing 24 Os, to whom the ambiguous figure was presented in the position in which 
the chef-version had previously been given, 20 recognized the ambiguous figure as 
a chef and 4 as a dog. Thus, 36 of the 48 Os recognized the ambiguous figure as 
the version which had previously been presented in the same retinal position (near 
plant), and 12 Os recognized the ambiguous figure as the version which had been 
presented on the other side of the fixation-mark (far-plant). The difference is signifi 
cant beyond the 0.2-% level, 

Before we draw the conclusion that retinal position of stimulation affects the 
recognition of a figure, an alternative interpretation must be discussed. When the 
12 cases in which recognition had apparently been in terms of the far-plant were 
inspected, it was found that in 9 of them the ambiguous figure had been presented 
on the left of the fixation-mark. In the majority of these cases, then, the version 
in terms of which the ambiguous figure was recognized (the effective plant) had 
been presented on the right of the fixation-mark and thus had caused a primaty 
Cortical process in the left hemisphere. Although the difference between 9 and 3 
does not represent a reliable trend, the possibility that a plant in the right half 
of the visual field proves more effective than a plant in the left half must be se 
tiously considered. 

Among the results for all 48 Os there were 30 cases in which what turned out 
to be the effective plant had been presented in the right half of the visual field, 
The question arises as to whether our main result can be explained on the assump: 
tion that a right-field plant dominates recognition. To answer this question we must 
consider the 18 cases in which, because the effective plant had been on the left 
Side of the fixation-mark, the results could not possibly be ascribed to left hemi- 

 Spheric dominance, Of these 18 Os, 15 recognized the ambiguous figure in terms 
of the near-plant and this preponderance is statistically reliable at the 1-76 level. 
Our results thus show an effect of position even if all cases of effective plant in 
the right half of the visual field are assumed to be the consequence of left hemi- 
spheric dominance. Whether such dominance does play a róle in our experiment 
remains to be seen; our results do not as yet demonstrate it reliably. 


THE EFFECT OF TWO BRIGHTNESS FACTORS 
UPON THE RATE OF FLUCTUATION OF 
REVERSIBLE PERSPECTIVES 


r In this study an attempt was made to discover the effect of two brightness factors 
"Upon the rate of fluctuation of reversible perspectives. The two factors considered 
— Were; (1) brightness contrast between contour and background; and (2) illumina- 

tio 
The Necker cube was used as the stimulus-object. It is perhaps questionable 
hether this figure furnishes the best instance of what Köhler calls contrast between 
üre and environment, which, together with neighboring areas produce, as he 
eves, a current in tissue in the visual brain center, the strength of which de- 
ds on the brightness difference between them! The cube was: chosen, however, 
use it was thought to furnish changes defined more sharply than any other X 
re, 

Observers and apparatus. Thirty-six students (women from Sweet Briar College), 
divided into six groups of six each, served as Os in this study. A 2-in. cube, drawn 
With dark gray contour lines Y in. wide, was presented under three conditions: 
(A) on a white ground, under 200-w. illumination; (B) on a medium gray ground, 
t 200-w. illumination; and (C) on a white ground, under 15-w. illumination. 
(A) and (B) furnish a difference in degree of contrast, with illumination con- 
Slant; and (A) and (C) provide a difference in amount of illumination, with con- 
fast constant, as both outline and ground are here reduced by the same fraction. - 
hler holdyvas will be remembered, that the processes of the visual center tend 
block themselves, thus producing a shift in perspective; and, further, that the 
ile of blocking depends upon the strength of the current which, in turn, depends 
^ the amount of brightness contrast between figure and environment? If this 
_ Kory is true, then the greater the brightness contrast, the faster should be the rate 
Of fluctuation, It was this point that the present experiment was designed to test 
Under Conditions which measured the efficacy of contrast apart from degree of il- 
Mmination, and of illumination apart from contrast. 
‘ocedure, After preliminary instruction, O, with chin in head-rest and seated 
t. from the pattern, closed her eyes for 15 sec., then fixated a neutral point at 
center of the cube and reported the shifts in perspective as they appeared until 
changes occurred. The time of every change was noted. This procedure, repeated 
times, constituted a series of observations under one of the conditions described 
] Pove. After a 2-min, rest, a similar series was made under each of the other condi- 


Wallach, Visual after-effects: An investigation of visufl proc- 
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tions. To equalize temporal effects, these conditions were presented in counter- 
balanced order to every group of Os in each of the six possible temporal se- 
quences: viz. ABC, ACB, BAC, BCA, CAB, CBA. All observations were made in 
a darkroom, with the light 3 ft. above O's head. 

Results. In Condition (A) the average length of the twenty 10-shift periods for 
the 36 Os was 30.6 sec.; in (B), 29.5 sec.; and in (C), 30.0 sec. The CR be- 
tween the averages of (A) and (B) is 0.31, with 20 of the 36 Os showing the 
general direction of difference. For (A) and (C), the CR is 1.65, and 21 0s 
yielded results in the same direction. Rates of shift are, practically without ex- 
ception, highly irregular under all conditions, both for the individual O and among 
the different Os. 

The most obvious statements that can be made regarding our results are: (1) 
neither a difference in amount of contrast nor of general illumination influences the 
rate of fluctuation; and (2) neither factor is more effective than the other. 

In explanation of these results it is tempting to suggest that they furnish some 
evidence against the adequacy of a single factor, such as blocking in visual brain 
areas, to account for them because this factor requires a greater dependency of rate 
upon sensory conditions, as well as a greater uniformity and regularity of rate, 
than is here displayed. The results could be explained, however, by postulating à 
second factor, je. motor? This complicating factor might then be supposed to mask 
the effects of the processes of the visual center and thus account for the ineffective- 
ness of differences in stimulation, as well as for the irregularity and lack of uni- 
formity of rates of fluctuation. 


* Cf. M. F. Washburn, H. Mallay, and A. Naylor, The influence of the size of an 
outline cube on the fluctuations of its perspective, this JoURNAL, 43, 1931, 484-489; 
also R. S. Woodworth, Experimental Bios 1938, 574. ; 


APPARATUS 


APPARATUS FOR RECORDING AUTONOMIC STATES 
AND CHANGES 


By R. C. Davis, G. F. SippoNs, and G. L. STOUT, Indiana University 


Three pieces of apparatus, devised to record autonomic states and 
changes, are described here. The first apparatus is an amplifier with an. 
automatic reset for recording galvanic skin responses and similar changes 
that ate slow; the second is an electrical impedance plethysmograph; and 
the third, a recorder for pulse and arterial pressure, 


I. AN AMPLIFIER WITH AUTOMATIC RESET FOR GALVANIC SKIN 
RESPONSES AND SIMILAR CHANGES 


Many of the autonomically controlled processes which respond to 
Stimulation are relatively slow changing. The galvanic skin response is 
fairly typical, A large response will take several seconds to reach its 
maximum and perhaps four or five times as long to recede, With phe- 
nomena of this sort amplifiers of the usual type containing reactances are 
impractical because the reactances would need to be of such enormous size. 
For amplifying such changes one must resort to direct coupled amplifiers or 
to converting*circuits in which the slow wave is made to modulate a carrier. 

In direct coupled amplification an increase or decrease in the direct cur- 
tent component of the input is likely to force the indicator off scale. 
Ordinarily 2 manual adjustment is required to bring it back to a useful 
tange, There is often loss of a critical point in the record while this change 
is being made, Furthermore, with multiple channel recording no operator 
Could monitor all channels at once, An obvious solution to the problem is 
to use instruments of such low sensivity that they seldom reach the limits 
of their Scales, but this solution entails a loss of precision and ease of 
‘ading’ An alternative is to introduce an automatic feedback device which 
dn Shift the zero point of the scale by a known amount whenever oc- 
“ston requires, so as to make the device operate over a different range. The 
GitCüit for such an instrument is shown in Fig. 1. 


* The apparatus described here were developed under Contract IN6orft-18011 


between Indiana University and the Office of Naval Research, U.S. Navy. 
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The signal which is introduced into a pc amplifier may be considered as made 
up of two components: a slow wave and a DC potential which does not change 
during the wave. It is commonly true that the DC component is greater than he 
wave. While one may wish to know the value of this component there is usually. 
no need to amplify it. If it is large with respect to the wave it would, if amplified, 
merely obscure the wave. i 

It is desirable therefore to eliminate the Dc component. Since a condenser cane 
not be used for the purpose (its proportions would have to be unusual and it would 
result in a loss of information) a bucking voltage must be introduced, a vol 
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Fic. 1. DIRECT COUPLED AMPLIFIER WITH AUTOMATIC RESET 


which in our case is self-adjusting to the size of the pc component. This bucking” 
voltage is provided by the series of 150 Q resistors shown in the diagram, which ar 
actually mounted on a motor driven rotary switch. The upper end of this series is 
so connected to the high voltage supply through a pair-of dropping resistors that 
the total voltage available across them is in the neighborhood of 1 v. Depending 01 — 
the position of the wiping contact a certain fraction of this biases the cathode of the 
first amplifier tube (12SH7). The fraction, of course, will be a certain number 
of tenths of the total available across the rotary switch. How many tenths are J^ 
the circuit at a given moment is shown by an index which is attached to the shaft 


of the.sotary switch. Numbers on this index show through a hole in the panel | 
the amplifier. ; 


APPARATUS D ous: 

As shown in Fig. 1, the input signal is impressed between the ground and the 
grid of the first amplifier (sometimes through resistors of the sensitivity control), 
The connection must be so made that the negative side of the pc input is on the 
ground terminal. Then the signal and bucking voltage are in opposite directions in 
the grid-cathode circuit of the 12SH7, and the net grid-cathode voltage is the dif- 
ference of the two, plus whatever is provided by the two 3 K resistors shown in the 
cathode lead. When there is no input and no bucking voltage one of these (known 
as the ‘zero set') is so adjusted that the 12SH7 has its proper operating bias (with 
gtid negative to cathode). When a signal is introduced the bucking voltage will be 
adjusted (by the device described below) until the tube has that amount of bias, 
or something near enough to it to be in its proper operating range. If a wave, posi- 
tive or negative, appears in the signal the tube will transmit this, 

The series of 500 K resistors across the input serves as a sensitivity selector. 
These are mounted on a rotary switch which is manually operated, The sum of 
the 10 resistors is so large that no appreciable current is drawn by the device. Ac- 
cording to the position of the switch a certain number of tenths of the whole signal 
is put into the amplifier, Of course the value of the whole can be obtained by ap- 
propriate multiplication. 

The amplifier has two second stages, each composed of a 6SN7. The first of these 
serves to amplify the signal to provide the output of the system. The second amplifies 
t signal to provide the feedback required for the automatic reset of the bucking 
voltage. 

In the first of these stages the two halves of the 6SN7 are connected in quasi push- 
Pull fashion. If only one half were used it would be difficult to arrange for it to 
operate on a linear part of its characteristic. The other half therefore is used to 
Oppose the one and improve the linearity. The output meter (0-1MA) and the ex- 
ternal output connections are located between the two plates of this 6SN7. Only one 
9f the grids, however, is connected to the signal, the other being grounded. 

In the other 6SN7 the output of each half is used to operate a relay which in 
turn causes thé reset motor to run forward in the one case and backward in the 
Other, The signal from the 12SH7 is given to both halves of this tube. When the 
instrument is originally set up the cathode bias on the first half is adjusted so that 
the tube conducts and throws its relay (‘low’ relay) whenever the output meter 
Comes on scale from below. Since the relay is connected to break a circuit this means 
that the motor will run, in the appropriate direction, until there is an output read- 
ing on the meter; then it will drop out. The other half of the 6SN7 has a higher 
Cathode bias and will not conduct enough to move its relay until the output meter 
teads full scale, j.e. 1m.amp. It then throws the ‘high’ relay which has a ‘make’ 
Connection and causes the motor to run in the other direction. Since the motor 
turns the rotary switch which regulates voltage on the input grid this mechanism 
acts as step-wise negative feedback. À 

Two specially troublesome effects were encountered when these devices were first 
tried. With certain 12SH7 tubes there was a tendency for the grid to draw current 
even when it was negative, and when there is grid current the amplifier becomes 
, Ron-linear, The remedy turned out to be proper adjustment of the screen voltage. 
A variable resistor for this purpose is shown in the di . BSS 

The rotary switch used in the reset mechanism must be of the ‘shorting’ type; 
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it must have its wiper in contact with some terminal at all times because otherwise 
the system will oscillate. Poor quality switches originally gave a good deal of trouble 
by, frequently leaving an open contact. 

For experiments in which only one variable is to be recorded (one channel of 
GSR) the output of one of these amplifiers may be put into an Esterline-Angus 
recording milliammeter or similar instrument, 0-1 m.amp. sensitivity. For experi- 
ments requiring multiple recording, further amplification may be needed to drive 
the power amplifiers which move the stylus. It is also desirable that the signal 
should have a ground connection—which it does not. For this purpose a conyerter 
amplifier can be introduced following the direct coupled amplifiers, The circuit for 
this is shown in Fig. 2. The signal is converted to a modulated 60— wave by means 
of a vibrator (without a ground connection).* After two stages of amplification the 
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Fic. 2. CONVERTER AMPLIFIER TO CONNECT OUTPUT oF Direct COUPLED 
AMPLIFIER TO CENTER GROUNDED RECORDING DEVICE 


signal is rectified and put into push-pull form with a center ground. This arrange- 
ment gives the type of input desired for the power amplifiers. 

To use this self adjusting amplifier for recording the GSR (resistance change 
method), it is necessary only to supply a regulated current through S and connect 
him directly to the input of the amplifier, Fig. 3 is a schematic diagram of a circuit 
supplying the electrotonic current through $5 Voltage for supplying the current is 
derived from the 6.3-v, winding of the transformer in a direct coupled amplifier 
(see p. 343). This is stepped up by means of a small filament transformer used in 
reverse, The current is then rectified and applied to the circuit consisting of $ and 
the tube 6SH7, whose function is to keep the current constant. (S is in the plate 
circuit of this tube.)* By means of a double throw switch, S. may be replaced bya 


" Ordinary vibrators ada ircui 1 ) get out 
5 ; adapted to these circuit requirements were found to get 
of adjustment very easily. A ‘Brown’ converter proved satisfactory. 
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‘stand-in’ for purposes of calibration. This stand-in, as seen in the diagram, consists 
of a series of ten 500-© resistors, any number of which may be put into the circuit 
by means of a rotary switch, 

In this circuit, since the current is constant, the voltage across S is proportional 
to his apparent resistance. Consequently a measurement of this voltage is a measure- 
ment of S's resistance, The voltage therefore is the signal which is carried to the 
input of a direct coupled amplifier with an automatic reset device (see p. 343). 

In operation the amplifier will automatically adjust itself to its proper operating 
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Fic. 3. CIRCUIT ror SUPPLYING REGULATED CURRENT TO $ FOR 
GSR MEASUREMENT WITH DIRECT COUPLED AMPLIFIER 


range as soon as it is connected to S. When it settles on this range, with the indicat- 
ng pointer on the dial, the index number showing through a hole in the panel will 
iicate how many steps the rotary switch has advanced from zero. If the value of 
Cach step is known, the index number therefore shows the total voltage which the 
mechanism has applied to offset the S's apparent resistance. 

Once $ has been inserted into the circuit and the mechanism has produced a 
Eine Ón scale, the automatic reset will keep it there. When the indicator reaches 
sither end of the scale the mechanism will throw it back on scale again by adding 
or substracting a constant voltage value. Thereupon the index on the panel will 
show a new number, indicating a new base level of resistance. On a graphic record 
"us from the instrument such a quick jump in level is easily distinguished from 
s Pd changes in GSR (see upper line in Fig. 4). Hence, if one knows the 
ds at the beginning of a run, he can ascertain it at any point in the record by 

owing for the appropriate number of resets in each direction. 


© 
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II. AN ELECTRICAL PLETHYSMOGRAPH 


The plethysmograph has long been used in psychology. The inconyen. 
ience and inaccuracy of the hydraulic and pneumatic models has, however, 
led to its neglect. This is unfortunate since the constriction-dilation of the 


1 2 e T 
Fic, 4, SECTION or RECORD PRODUCED BY APPARATUS DESCRIBED 
1, GSR showing operation of automatic reset when GSR reaches limit of scale) 
2, pressure pulse; 3, pressure pulse with periodic occlusion by pressure cuff operat 
mercury pump; 4, chest breathing recorded from movement of variable arm 0 
small potentiometer strapped around chest; 5, Dc recording of finger volume, Upwat 
movement represents decrease; 6, finger volume pulse, and 7, time in seconds 
indicates noise stimulus). 


small vessels is perhaps the most important variation in the circulatory 
system, 


Nyboer has described and validated a plethysmograph which depends UP? i 
electrical impedance.“ His device, however, is needlessly elaborate and frequently / 


2 j 
ip Nyboer, Plethysmograph: I i 's, Medical Physics ® 
1950, 736-743, grap) impedance, in O. Glasser's, Medica 
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used because the electrical properties of the skin were not those assumed 
he design. 
have, therefore, revised his circuit. The basic plan is to apply a high fre- 
‘current across the part whose volume is to be measured. The impedance to 
urrent should vary with the volume, and the circuit is arranged so that the RF 

across the part is a function of the impedance. This voltage is then rectified, 
ly opposed by another, and the remainder amplified. 
‘in Nyboer's apparatus, the measuring current is derived from an RF generator 
kc.) shown in Fig. 5 around the tube 6J5. From here we depart from the 
plan. The voltage from the generator taken off through the transformer: T: 
ed across S and a series resistor of 1000 Q. This voltage will, of course, be 
ted over S and the fixed resistor, R, in proportion to their impedances. If $ 


TO DC. 
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` "Fic. 5. ELECTRICAL IMPEDANCE PLETHYSMOGRAPH 


impedance Z the voltage across him will be [Z/(Z 4- R) ]-E—E being the 
lied voltage. Z being small in relation to R, we may simply say that the voltage 

S is proportional to Z, his impedance, To eliminate the effects of phase-shift, 
t operation of the circuit is to rectify this voltage by the tube 6H6. Then, 
the voltage is quite large with respect to its fluctuations, in which we are 
ested, a part of it is opposed by a voltage taken from the cathode circuit of the 


E voltage in the input circuit should be adjusted. The size of the output 
nt which corresponds to its optimal input bias was determined when the in- 
nts were constructed. For one of the instruments, for example, it turned out 
60 u/amp., hence, when an S was first introduced into the circuit, the operator 
the opposing voltage until the meter read 160 p/amp. When readings of 
Pedance were desired this was done by manipulation of a calibrated potenti- 
(Helipot) shown in the diagram. This setting will not need to bechanged 
sitting in most cases. j 
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The switching arrangement marked S; provides a convenient calibration. B 
ing the switch in one direction or the other a 1 or 10 Q resistor is removed 
circuit. 

The potentiometer P, is provided to reduce the measuring voltage applied 
If the voltage drop across S is large, it will require more neutralization fr 
Helipot than it can provide without interfering with the operation of the amy 
6SJ7. The range of the instrument would be increased if a voltage higher 
indicated 180 were applied to this tube. 

At the bottom of the diagram is shown a connection to a circuit which 


duplicate of the one described. This circuit makes use of the same “high 
Source to record impedance from some other part of the body. 

From the output of the 6SJ7 there are divergent paths which can be operate 
the same time, One is a direct coupled pathway which will record all chang 
curring in S's impedance. (It is most useful for long term drifts, and might be m 
convenient if the pulse variations were eliminated by a shunting condenser. 
these slow changes require further amplification they are passed on to @ 
coupled amplifier such as described above. Before the output of the 6SJ7 ¢ 
handled by these, however, another neutralization had to occur to eliminate & 
wnvatying portion of the output. This is the purpose of the bucking ba 
ing into a potentiometer shown in the diagram, This potentiometer 
stitutes a permanent adjustment so long as the battery and tube remain the $ 

On occasion, however, we are interested in the pulse-wave itself, rather 
the slow impedance-drifts. For this purpose it is more convenient to use 
coupling than direct coupling in subsequent amplification. Hence the secon 
way out of the plethysmograph. Through a coupling condenser it leads to a 
amplifier of standard design as shown in Fig. 6. The time constant of this 
was a matter of compromise. For the purposes in hand the circuit-values 
seemed best since they give a reasonably accurate pulse-wave and not too 
recovery time. A record of the pulse component is shown just above the ti 
in Fig. 4, and of the nc component in the line above that. : 
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Correlations obtained by H. A. Dawson, Jr., between such records and records 
from a hydraulic device give reason to believe that the two types differ only by their 
errors of measurement, pA 


III. PULSE AND ARTERIAL PRESSURE 


The pressure variation in the arterial pulse has properties quite different 
from those of the volume pulse of the finger, and it therefore constitutes an 
additional autonomic variable. Since the pulse in an artery is little affected 
by local conditions, it provides opportunity for pressure measurements. 


A crystal pick-up was adapted for use as a pressure sensitive transducer. In the 
particular pick-up used, a crystal about 12 in. square was mounted horizontally with 
4 point projecting downward at one corner. To this point a plastic disk 5 mm, in 
diameter was cemented. In use the pick-up is strapped snugly around S's wrist with 
the plastic disk resting on the radial artery, The crystal, of course, resists move- 
ment, and such little movement as it allows should be indicative of the pressure 
variation on the disk, 

The electrical output of the crystal is led to a standard resistance—a capacity 
Coupled amplifier with good response in the low audio range and with sufficient 
Sensitivity to produce a 1-cm. deflection of the stylus for a millivolt input, (This 
Amplifier may also be used as an electrocardiograph since the requirements are the 
same for such an instrument.) A gain control makes it possible to adjust the size 
of the output, The second line from the top in Fig. 4 is a record of the pressure 
Pulse taken with this equipment, 

In measuring arterial systolic, diastolic, and mean pressures, it is necessary to 
have a means of occluding an artery with a known pressure and a pulse detector 
Which will show when the artery is undergoing occlusion. The pressure pulse pick-up 
may be used for the latter purpose, When so used it plays a róle like that of the 
Stethoscope in the usual clinical measurement. 

It is possible by means of a feed-back to apply a continuously occluding pressure 
to the upper arm—a pressure which varies directly with the physiological variations 
in blood pressure, Such a device prevents simultaneous reading of diastolic and 
‘ystolic pressures, and is probably undesirable to use over long periods, since it 
necessarily blocks completely the circulation in the arm, Sometimes, therefore, in- 
a Pressure may be preferred. Hence a device was constructed for this pur- 

se. 

The general plan is so to apply pressure.to a cuff that the pressure on the artery 
mould increase gradually in a linear fashion to some point beyond the occlusion of 
the artery, to have the pressure then released and, after a brief pause, applied again. 

is cycle is repeated every 20 sec. Somewhere during the ascent of the pressure 
the Pulse below the cuff would be cut off. Knowing when this happened from the 
Continuous record, it is possible to read the corresponding point on the linearly 
‘sending Curve of pressure which is the point of systolic pressure at the moment. 

A simple pump to accomplish this was constructed as follows. A reservoir of 
mercury, connected by tubing to the pressure cuff, was so mounted on a lever arm, 
Which was tocked by a motor-driven cam, that the mercury flowed back and forth 
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between the reservoir and cuff As the mercury flowed into the cuff it produce 
the desired pressure and as it flowed out it gave the desired release. The cam of 
the pump also operated two switches which indicated the beginning and heg en 
of the pressure cycles. 

A typical record is shown in Fig. 4. In reading such records the diminishing p 
of pulse waves may be connected with a straight line, and the point of its inter 
tion with the base line taken to represent the systolic pressure. The distance of | 
point from the beginning of the pressure application should be proportional 
applied pressure at the moment. There is reason to believe that diastolic p 
can also be read. As the pressure climbs the pulse will, after a point, begin di 
crease, With still greater pressure it decreases and en The point of maximul 
pulse should represent the point at which diastolic pressure is just balanced ol 

Recent results from our laboratory, however, show that, while the pressure pul 
is a very useful measure, any currently known method for measuring arterial pre 
sure creates very serious disturbances in a psychological experiment. 


T it is desirable to keep the volume of the cuff as small as possible, it ¥ 
made of a 6-in. length of surgical drainage tubing, 0.5 in, in diameter. As fa 
Te this tube was from expanding in an outward direction from the 

y an inelastic bandage. en the cuff was applied it was drained of mercury al 
completely collapsed. 


AN INEXPENSIVE SQUARE WAVE STIMULATOR 
By J. M. Harrison and C. E. MAYER, Boston University 


In a conditioning experiment now in progress direct electrical stimu- 
lation of the nervous system is used as the CS. This work: requires the use 
of a stimulator which produces electrical impulses of adjustable and known 
Characteristics, While a variety of electrical stimulators are commercially 
available they are often unsuitable and their price may be prohibitive for 
the small laboratory. The stimulator described in this paper has a number 
of advantages. First, it is relatively cheap, the total cost of components 
being about $65. Second, it supplies either single square waves of vatiable 
duration or a series of such waves at a repetition-rate determined by an 
external oscillator. (The single square wave is particularly useful in psycho- 
logical experiments involving the use of electrical stimulation.) Finally, 
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: Fic. 1. OsctLLoGRAPHS OF THE OUTPUT OF THE STIMULATOR 

A. Single square wave produced by pressing the key 51. B. Continuous output at 
60 c.p.s. when ‘time’ control set to 6.5 msec. 


volts + 


the circuit is simple, requires few components and no critical adjustments. 
Oscillographs of the wave form are shown in Fig. 1. ` 

Block diagram. A block diagram of the stimulator is shown in Fig. 2. 
The basic functional elements consist of the thyratron generator and its 
Wave shaping (squaring) circuit. The thyratron generates a single pulse 
When a key is depressed. A series of pulses is produced when a sine wave 
is fed to the input of the pulse generator. The output of the stimulator is 
Positive-going and has a maximum value of 12 v. on open circuit. The 
use of a cathode-follower in the output stage provides much better regula: 
tion of the output than can be obtained with a conventional output stage. 
Down to an external load of 2000 ohms the output voltage is virtually 
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independent of load. The pulse width and voltage of the output can be 
independently varied. Pulse widths from 0.5 m.sec. to 7.5 msec, can be 
obtained. 

Circuit operation. Fig. 3 is a schematic diagram of the stimulator, The 
thyratron tube, T1, the two resistors, R2 and R3, and the condenser, C3, 
form the heart of the circuit. This is essentially a saw-tooth generator ex- 
cept that the thyratron is biased to prevent self-oscillation, This bias is 


KEY GENERATOR SQUARER OUTPUT [=e 


Fic, 2. BLOCK DIAGRAM OF STIMULATOR 


supplied by the voltage drop across resistor R5. The closing of the ‘single 
impulse' key, $1, places the charge of the condenser, C1, on the grid of 
the thyratron and causes this tube to give a single pulse. The alternative 
method of firing the thyratron is considered below. 

The squarer circuit consists of a triode, T2, operating on an anode 
supply of about 30 v. and the resistors R7, R8, R9, and R10. The operation 
of the squarer depends upon the change in anode voltage of T1 exceeding 
the change in voltage required to swing the current of the tube T2 from 
its maximum value to zero, When the thyratron is not conducting, its 
anode is at the same voltage as the B-supply, 250 v. ‘The anode of T1 is 
directly connected to the Btid of the squarer, T2, via the series resistor KT. 
Thus T2 is taking its maximum current (saturation) when T1 is not con- 
ducting. When T1 conducts, its anode voltage will drop to about 30 v. This 
is a drop of some 220 v. from the non-conducting condition. Such a voltage 
excursion is much in excess of that required to reduce to zero the anode 
current of the squaring triode. After it has been discharged the tioning 
condenser, C3, of the thyratron charges at a rate determined by the setting 


» 
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of the ‘time’ control, R3. During most of the time of recovery of the 
anode voltage of the thyratron, the grid voltage of the squaring tube is 
zero. Finally, when the anode voltage of T1 approaches its final value, the 
anode current of the squaring tube rises to its maximum, This current change 
takes place rapidly because of the small voltage excursion of the grid of 


Ri, 1 Fic. 3. WIRING DIAGRAM OF SQUARE WAVE STIMULATOR * 
100 K; R2, 11 K; R3, 250 K pot; R4, 1.5 M; R5, 4.7 K; R6, 20 K; R7, 0.5 M; 
RULZ Mi Ro, 33 K; Rio, 22 K. Ril, 10 K; R12, 0.3 M pot; R13, 68 Ki 
Rig, 4.7 K; R15, 100 K pot; R16, 195 ohms; R17, 200 ohms pot.; R18, 0.5 M; 
Ri? 100 K; R20, 39 K; R21, 100 K; R22, 05 M; R23, 100 K; R24, 3.3 K; 
Ci o0 ohms; R26, 22 K; R27, 200 K; R28, 2.7 K; R29, 40 K; R30, 220 K; 
€ 0002 mfd.; C2, 0.5 mfd.; C3, 0.015 mfd; C4, 0.6 mfd.; C5, 0.015 mfd; 
$6 0.015 míd.: C7, 100 mfd. electrolytic; C8, 0.0004 mfd.; C9, 0.02 mfd.; $1, $2, 
rüswitches; $3, SPDT toggle switch; T1, 884; T2, 6L5; T3, 14, GSN7; 15, 6C4; 
» 7.5 v. C-battery; d, crystal diode 1N34; M, balance meter, 0-20 pa. 


L T2 required for its anode current to go from zero to its maximum value. 

Thus, the Output of T2 is a positive-going square wave whose duration 
L5 determined by the setting of the ‘time’ control. This square wave is 
_ fed via the ‘amplitude’ control, R12, to the grid of the output cathode- 
follower, T3, The second section of the output tube is arranged to have 


* cathode voltage equal to that of the first section when no signal is 
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being transmitted. This voltage is finely adjusted by means of the ‘balance’ 
control, R17, to produce a null reading on the meter, M. The output may 
be unbalanced in either direction to supply a polarizing current should it 
be required. After the stimulator has been allowed to warm up for 30 min, 
it holds its balance within 0.5 pamp. over long periods. 

The tubes T4 and 75 with their associated components form an alterna: 
tive method of firing the thyratron. The thyratron discharges at a repetition: 
rate equal to the frequency of a sine wave supplied to the grid of T4. The 
two sections of the double triode, T4, serve as amplifier and squarer of 
the sine wave input applied to the grid of the first section. The square 
wave output of the second section is differentiated by the small coupling 
condenser, C8, and amplified by the triode T5. The narrow pulses which 
comprise the output of T5 are fed to the grid of the thyratron. The 
thyratron fires at each positive-going pulse from T5. The input sine wave 
to the first section of T4 may be supplied from an external variable 
frequency oscillator or from the 60 cycle filament supply. 

A neon stabilized B-supply of 250 v. is used. The stimulator has been 
constructed on a standard radio chassis 14 X 10 X 3 in. A 6 in. cover fits 
over the top of the chassis and protects the tubes from damage. 
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ELECTRODES FOR MEASURING THE GSR 
IN SMALL ANIMALS 


Various experimental situations exist in which it may be useful to obtain meas- 
ures Of autonomic activity in small animals, such as the laboratory rat. Such meas- 
tres may be used, for example, in the study of ‘emotional reactivity,’ in equating 
the ‘subjective magnitude’ of stimuli from different sensory modalities, or in studies 
Of conditioning and generalization. 

The principal problem encountered in attempts to measure the GSR in small 
animals has been in the construction of electrodes which remain in constant con- 


Fic. 1. AN Execrrope Box FOR OBTAINING RECORDS OF THE GSR 


IN SMALL ANIMALS 


A With appropriate areas of the skin, such as the foot-pads, yet do not interfere 
Much with the normal condition of S. Once satisfactory electrodes have been 
» any measuring apparatus may be used which passes a slight current or 
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voltage through the S, which is treated as a variable resistor. The electrode-system 
described here has been employed successfully with laboratory rats, providing GSR 
patterns similar to those obtained from human Ss. The procedure is to place the 
animal in a small box in which it stands on two strips of electrode-material (eg 
zinc or silver), 

The box shown in Fig, 1 is 4 in. high, 5 in. wide, and 9 in. long. To keep $ 
from lifting its paws from the electrodes, its movements in the box are restricted, 
The inside-height is adjustable by reason of the Brooves in the inside walls which 
make it possible to insert the plastic top at varying distances from the floor; the 
inside-width and length of the box can be varied by inserting plywood panels along 
the walls and at one end of the box, holding them in place with a wing bolt, (For 
conditioning studies with a visual CS, it may be desirable to construct the walls, 
as well as the top, of clear plastic.) As an additional safeguard, a partition 1⁄ in. 
wide and 1 in. high is placed between the electrodes. This partition, which runs 
the length of the box, is cemented in place to serve also as insulation between the 
two electrodes. 

In actual use, this method of obtaining autonomic measures is reasonably satis 
factory. In a series of tests it was found that, after $ became accustomed to the 
box, relatively stable records both of basal levels and of minor fluctuations in tè 
sistance could be obtained. In further tests, two Ss were adapted to a neutral stimu: 
lus (light), as indicated by the disappearance of the GSRs. The light was then 
paired with shock, and conditioned responses to the light were recorded. 

University of Chicago Ernest A, HAGGARD 

McGill University WILLIAM R. THOMPSON 


AN IMPROVED CIRCUIT FOR CONNECTING THE HUNTER 
TIMER AND SIMILAR TIMERS IN SEQUENCE | 


Hunter and Brown have described a circuit for connecting two or more of their 
electronic timers for automatic recycling operation. This circuit utilizes an auxiliary 
relay, which serves mainly to avoid having the timers stop and immediately restat 
after reaching the end of a cycle. Such operation could introduce errors in timing 

ecause immediate restarting would not allow the timing-condenser in the RC 
circuit to acquire its full charge. The circuit shown in Fig. 1 eliminates this source 
of error without an auxiliary relay when three or more timers are used, Each timet 
in this circuit remains on until the next timer in the series shuts it off. Thus, wl? 
the last timer in a series reaches the end of its cycle, the first timer is ready to su 
from rest, 

The Sequence is begun by momentary closure of the starting switch (not shown) 
on any timer, Once started, a given timer, say the first, maintains itself through t 
NO side of its own ‘start’-relay and the NC side of the ‘finish’-relay on the nest 


*T.oA. Hunter and J. S, Br ici l-timer, this 
JOURNAL, 62, 1949, D EA Own, A decade-type electronic interval-timer, 
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timer, The second timer is started through a pair of NO contacts on the finish-relay 
of the first timer, When the second timer reaches the end of its cycle, it shuts off 
the first one by breaking the circuit to the starting contacts of this timer through 


1 Fic, 1. CIRCUIT FOR OPERATION OF THREE TIMERS 
Starting contacts, 1-2; finish-relay contacts, 3-12; start-relay contacts, 15-20. 


s. pair of NC contacts on the finish-relay of the second timer, The operation is 
similar for N timers. There are two sets of contacts on the finish-relay and one set 
on the start-relay of each timer available for external connections. 

New York University LAWRENCE KARLIN 
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MUSICAL MEMORY-MECHANISMS 


In his interesting neurophysiological paper on "Memory 
Penfield made several statements which may be criticized and 
psychologically for a better understanding of memory and con 


Statement I: "We conclude that a man who has a good 
temembered music, after he has selected one song, may hear i 
through his own mind by causing impulses to pass down 
“herve drains to the temporal cortex. The song will continue uni 
his attention elsewhere and shuts off those nerve impulses,” 7 


Comments and observations. (4) This memory-hearing occur 
voluntarily, but also Spontaneously, particularly after musical pre 
listening, and it may be so persistent that it can be suppressed 
difficulty, The voluntary memory-hearing is appreciated and even 
by musicians. It can serve as a substitute for actual practicing 
proof of perfect memorizing of a music piece for a concert peri 
The persistent, repetitive memory-hearing (a kind of ‘recurrent 


this suppressed state the memory-mechanism may continue, 
(ie. purely physiologically), and conscious memory-hearing 
Progressive parts of the musical piece at times which correspo 


s The phenomenon was quantitatively studied on ten profes 
cians by two different methods: (1) The O started memo 


was interrupted by conversation, reading, or looking at 
Conscious memory-hearing recurred, the watch was stopped. The 


wil. S 
ilder Penfield, Memory mechanisms, Arch. Neurol. Psychol., 67, 19525 
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sional differences could be explained through omissions or duplications 
of a short phrase through mistakes at a point of deviation; but these errors 
occurred rarely. In two Os the music usually continued, where it became 
lost, if it continued at all. These Os definitely represented the exception 
to the rule. (2) A practical alternative to this method was the stop-watch 
timing of the complete piece, once continued, once or several times inter- 
rupted, but then voluntarily continued to the end. The results were the 
same, even for pieces with several movements and many points of devia- 
tion, 

Unconscious (functional) activity of the memory mechanism also is 
indicated through the following experience of several Os: The memory- 
hearing may appear suddenly at any arbitrary point of a musical piece, 
indicating preceding unconscious activity of the memory-mechanism, No 
musician would start playing in the middle of a phrase; and most 
musicians could not do it if they wished. 

_ From the observed facts one may conclude that the memory-mechanism 
is capable of reproductive activities, isolated from the center of conscious- 
ness in the centrencephalon (as postulated by Penfield and supported 
through the studies of Magoun and of Jasper"). A similar disconnection 
occurs in inattentive reading, when the motor activity of reading goes on 
while attention is paid to something else and intelligent understanding of 
the text is lacking until integrating connection with the centrencephalon 
is re-established, It appears that the memory-pathways, established by 
facilitation or Bahnung (Verworn), exist in two different. states, i.e. 
dormant, and, active engrams, Even the active state remains unconscious 
unless functional connection with the centrencephalon is established. 
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Statement II: “Whenever a normal person is paying conscious attention 
to something, he is simultaneously recording it in the temporal cortex of 
ach hemisphere.” 


Comments and criticism: (a) The present writer is dubious about the 
exclusive, or even predominant rdle of the temporal cortex for memory- 
recording. Direct stimulation of the visuo-psychic area leads to the vision 
s moving objects, figures, or persons, e.g. menacing flames, fluttering but- 
tetflies, or “robbers with guns."* These experiences must be considered as 


*H. W. Ma " " ivati in the brai 
- W. Magoun, An ascending reticular activating system in the Sram, Wem, 
e Neurol, Psychol, 67, 1952, 145-154; Herbert Jasper, Cosimo Ajmone Marian, 
GA SA gon Corticofugal projections to the brain stem, Arch, Neurol, Pschol., 
-171 
Penfield, op. cit d im 
Gehio eld, op. cit, 178-198; O. Foerster und Penfield, Der Narbenzug ampun i 
i traumatischer Epilepsie in seiner Bedeutung für das Zustandekommen 
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recollective hallucinations with the same right as the ones elicited through 
direct stimulation of the temporal lobe. (4) Most of Penfield’s results of 
temporal lobe stimulation are acoustical in nature, The few of a visual 
type could have been triggered through their association with acoustical 
components, directly obtained through stimulation of the temporal lobe, 
(c) While spatial recordings and integrations appear psychophysically 
related to the pulvino-parietal system (evidenced through asteriognosis 
in parietal lesions), and while acoustic and time-tecordings and integra- 
tions appear similarly connected with the temporal lobe (evidenced by 
Penfield’s results), these relations should not be considered as exclusive; 
overlapping functions should be postulated on general cerebro-physiological 
principles. A case in which musical memory and reproduction persisted 
after bilateral removal of the anterior and superior parts of the temporal 
lobes (quoted by Jasper during a discussion) supports this view. (d) The 
writer is dubious also about the necessity of conscious attention for 
memory-recording. For the great musical masterworks, attention to and 
even careful comparative study of their architecture is almost indispensible. 
Even here, however, many sensory and most motor-activities remain out- 
side attention and below the level of consciousness. These facts represent 
musical examples of the difference between habit-formation and intelligent 
learning. If the ‘memory areas’ are responsible for habit, we must postu- 
late recording without conscious attention. (e) Musical memory-mecha- 
nisms exhibt considerable variation according to the kind of acquisition. 
A simple piece of music, which can be heard by memory, and reproduced 
through humming, whistling or playing on any instrument aad in any key 
(‘by heart"), involves an almost purely acoustic memory-mechanism, The 
learning and mental (or technical) reproduction of a difficult musical 
Work (‘by memory’) requires considerable motor (finger, pedal, voice, 
bow) memory, (The often observed unconscious humming or ‘playing 
on the school desk by musical children despite their attention to the 
teacher may fepresent an obective proof of unconscious activity of the 
musical memory-mechanism.) Visual memory is limited to faint imagina- 
tion of the instrument and its handling; only in rather unmusical persons 
does the visualization of the musical script play a róle. In persons with 
absolute pitch a very strong association exists between pitch (heard as 
well as remembered), its mechanical production, and its musical name: 
Good musicians possess astonishingly fine memory-hearing for complicated 


der Anfälle und für die th Wc seen a aie . 
Neurol. u, Psychol., 125, 1950/40522. e Bekämpfung derselben, Zs¢/ 
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melodies and harmonies. Musical memory accordingly may be considered 
as a Gestalt-process, based upon the integration of facilitated reflexes and 
-memory-records into an extremely complex engram. (f) "The most astonish- 
ing part in this recording is the time-element. It is of extreme accuracy 
from the fastest finger-passages and finest coórdination to the temporal 
structure of a concerto or a symphony. Even the delicate switch-mechanisms 
at the points of deviation (within a melody, for repetitions of a part and 
for the main architecture of a movement) can work without errors, as 
Well in conscious as in unconscious memory-playing. All this is possible 
for concert-musicians without the help of a prompter. In all these respects 
the musical memory-mechanism is by far superior to all other memory- 


Conclusions. On the basis of all these facts and Penfield’s doctrine of 
nemory and consciousness, one may postulate that the memory-cortex is 
Capable of sustaining highly complex, associative and integrative, well- 
timed activity which remains unconscious if disconnected from the cen- 
ltencephalon, but becomes conscious when such a connection is estab- 
lished, A close analogy exists between reflex activities, which may either go 
n unconsciously (in relative disconnection from the centrencephalon) or 
sciously (in active contact with that center), and cortical activity, which 
May either take place unconsciously or consciously (also depending upon 
-Ielative isolation from, or active contact with, the centrencephalon), This 
‘Analogy is of particular interest in view of the fact that the connections 
- the reflex arcs and those of the memory-pathways with the centren- 
Cephalon are opposite ones, i.e, reticulo-peripheral and reticulo-cortical 
? féSpectively, 
— Department of Physiology ALBERT BACHEM 
— College of Medicine 
— University of Illinois 


SENDERS ON RESPONSE-SEQUENCES 


i The recent article by Senders* on the non-independence of successive 
Ponses deserves comment. Although sequential dependencies for re- 


a 
E he Senders, Further analysis of response-sequences in the setting of @ psycho- 
© Kal experiment, this JOURNAL, 66, 1953, 215-228. 
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sponses made to threshold values of the stimulus have been demons 
it does not follow in all cases that "the basic assumption of almost a 
statistical treatments is in question,"* nor that the theoretical conc 


Autocorrelation 


A 


FiG. 1, AUTOCORRELATION FUNCTION OF RESPONSES AT THRESHO 


absolute and differential limens are seriously undermined. There is 
of demarcation between guessing habits and psychophysical judgme 

_When O is required to respond continuously to threshold stim 
dicriminine between two equivalent stimuli over a long series ol 


a 
J. P. Flynn, Lack of randomness in sequences of auditory differential 
ee Psychol, 3, 1948, D G. H. Collier, An investigation E 
successive res A y at 

Psychol? 6, 1951, 278. ponses for behavior at the visual thres 
Senders, op. cit., 228, 
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does he have any other alternative than to guess? This was the condition 
facing Senders’ Os. In a psychophysical experiment, however, there are a 
large number of supraliminal as well as subliminal presentations. A judg- 
mental set, not a guessing game, develops (especially when O is allowed 
three categories of response), and under these conditions the assumption 
of response-independence at threshold is reasonable. 

Seven Os, drawn from the personnel: of the Naval Research Laboratory, 
served in a brief test of this hypothesis, The method of constant stimuli 
was used, Os being instructed to report on intensitive differences between 
standard and variable tones of 1000 cycles. Five equally-spaced intensities 
were used as the variable stimuli—two above and two below the standard 
stimulus, and one identical, Each O made a total of 100 discriminations 
including 20 responses under conditions in which the standard and vari- 
able stimuli were physically equal. Precautions were taken to maintain a 
constant time-interval between the successive presentations and to counter- 
balance the time-error, 

The threshold-responses were analyzed as a function of the preceding 
Supra-threshold responses by the autocorrelation method for values of tax 
ftom 0 to 6. This analysis was subject to one restriction, £.e, that the re- 
Sponse to be correlated with the threshold-response should not be a pre- 
Hous threshold-response. Responses to the real differences in the paired 
stimuli were correct 98.9% of the time for the extreme comparisons and 
89.3% for the less extreme. The autocorrelation function for the pooled 
data is shown in Fig. 1. Although periodicities are suggested, the magni- 
tude Of the autocorrelations is extremely small and none of the correlations 
A Significant. Os treated individually show the same results, While no 
Single study conclusively proves the hypothesis of independence, these 
results lend support to that view. The writer trusts, along with Dr. Senders, 


that this question will be "resolved by further research." 4 
Ohio State University . Jack E. CONKLIN 


TWENTY-FIFTH ANNUAL MEETING OF THE EASTERN 
PSYCHOLOGICAL ASSOCIATION 


tl Eastern Psychological Association met on April 9 and 10 E the 
$ otel New Yorker in New York City. A total of 1,857 persons registered 
Or the meetings, Of these 1,034 were members of the Association, 571 


we M: p 
Cte guests, and 252 were new members who joined the Association at 
EU 


4 
Senders, op. cit., 228. 
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the meetings. The present active membership of the Association, totals 
2,487. : 

The program consisted of 156 scientific papers (presented in 21 ses- 
sions), 5 symposia, and 3 special meetings. The 21 sessions were con- 
cerned with the following topics: brain mechanisms, animal learning (3 
sessions), visual perception (2 sessions), general experimental (2 ses- 
sions), perception and personality, evaluation and measurement, motiva- 
tion, projective techniques, industrial and military, social psychology, 
sensory processes (2 sessions), human physiological, clinical and social 
(2 sessions), personality and learning, and human engineering. The 
symposia were as follows: “The criterion dilemma in human engineering," 
"Problems and difficulties in evaluating patient progress in therapy,” 
"Personality evaluation for industrial purposes," “Psychodynamic patterns 
in the pedophiliac sex offender," and "Problems in the use of projective 
techniques in research." Special meetings included a meeting of Psi Chi, 
and meetings bearing the titles "Public opinion and foreign policy de- 


cisions: informal discussion of research problems," and “The psychologist | 


in private practice and the public.” 

Dr. Harold Schlosberg presented the annual presidential address, 
“Fatigue, effort and work output.” New officers elected were B. F. 
Skinner, President; Carl Pfaffmann and Richard L. Solomon, Board of 
Directors. 


The 1955 meetings of the Association will be held at the Benjamin - 


Franklin Hotel in Philadelphia on April 15 and 16. 


University of Delaware GoRHAM LANE - 


TWENTY-FOURTH ANNUAL MEETING OF THE ROCKY 
MOUNTAIN BRANCH OF THE AMERICAN 
PSYCHOLOGICAL ASSOCIATION 


The Rocky Mountain Branch of the American Psychological Associa- 
tion held its twenty-fourth annual meeting with the Psychology Section 
of the Colorado-Wyoming Academy of Science on April 30 and May 1, 
1954, at the University of Wyoming, Laramie, Wyoming. About 120 
members and guests attended the sessions. Twenty-two papers were read 
at three sessions. The papers were primarily in areas of clinical and edu- 
cational psychology and in group dynamics. At a luncheon meeting the 
nee anniversary of Psi Chi in the Rocky Mountain area was cele 
rated. 


a 


NOTES AND DISCUSSIONS 367 


' A symposium was held on “Training and function of school psycholo- 
gists” under the chairmanship of Victor C. Raimy of the University of 
| Colorado. The participants were Owen Caskey, Veterans Administration, 
— Denver; F. Allen Murphy, Public Schools, Denver; and Philip Buck of 
T Gunnison, Colorado. Robert H. Bruce of the University of Wyoming 
chaired a symposium on "Poor performance as a function of inadequate 
learning.” The participants were: Kenneth B. Ashcraft, Gates Rubber 
Company (Industrial); Lawrence E, Dameron, University of Denver 
— (Social) ; E. Ellis Graham, University of Denver (Child) ; Richard Jessor, 
University of Colorado (Clinical); Arno H. Kuker, Colorado State Col- 
lege of Education (Educational). x 
Hugh B. McFadden, President of the Branch, served as Chairman of 
the business meeting. It was voted to continue publication of the minutes 
of the meeting and the program as in previous years, Further attempts 
Will be made to broaden participation of psychologists in neighboring 
states in branch activities. 

© The officers of the Branch elected for the year 1954-55 are: president, 
"Lawrence S. Rogers, Veterans Administration, Denver; and secretary, 
- Wilson J. Walthall, Jr., University of Wyoming. Virginia M. Brown of 
“the Lowry Air Force Base continues as treasurer. : 
Denver, Colorado LAWRENCE S. ROGERS 


FIFTIETH ANNUAL MEETING OF THE SOCIETY 
OF EXPERIMENTAL PSYCHOLOGISTS 


P. The fiftieth annual meeting of the Society of Experimental Psychologists, 

d the Golden Jubilee, was held at the Statler Club, Cornell University, on 
- April 1 and 2, 1954, in honor of the founder of the Society, Edward 
— Bradford Titchener. James J. Gibson, as Chairman, presided at the business 
E ima during the morning of April 1 and at the subsequent scientific 
- Sessions, 


The following members were present at the meetings: Bray, Boring, 
Brown, Fernberger, Geldard, Gibson, Graham, Grant, Harlow, Hunter, 
tevin, Keller, Kennedy, Landis, Licklider; Miles, G. A. Miller, N. E. 
E Morgan, Mueller, Nafe, Pfaffman, Riggs, Schlosberg, Smith, 
B. hderwood, Volkmann, and Wendt. 

j At the business meeting, W. K. Estes, R. M. Gagne and W. R. Garner 
[ere elected to membership, bringing the total of active members to 52. 
tee scientific sessions were held at which members reported infgrmally 
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x 


on research recently completed or in progress. The Department of Psy- 
chology in Morrill Hall was open for visits during the afternoon of 
April 1. 

Following the dinner on April 1, the Warren Medal for 1954 was 
awarded to Neal E. Miller "for his distinguished contributions to the 
scientific investigation of the relationship between learning and emotional 
behavior, leading to an increased understanding of the development and 
fixation of emotional attitudes." 


Tt was voted to accept the invitation of Brown University to hold the 


next meeting in the spring of 1955. Harold Schlosberg was elected Chair- 
man of the Society for the coming year. 
Santa Monica, California Jonn L. KENNEDY 


TWENTY-SIXTH ANNUAL MEETING OF THE MIDWESTERN 
PSYCHOLOGICAL ASSOCIATION 


The Midwestern Psychological Association met at The Neil House, 
Columbus, Ohio on April 30 and May 1, 1954, under the sponsorship 
of the Ohio State University. Delos D. Wickens served as chairman of 
local arrangements. The total registered attendance was 940. The pro- 
gram committee, under the chairmanship of Jay L. Otis, presented a 
program of 115 papers and 8 symposia. Particularly prominent were papers 
on probability learning, anxiety, and group performance, ip addition to 
the traditional topics of learning, vision, social psychology, and person- 
ality. Few clinical papers and few papers dealing with applied psychology 
were received. The topics for symposia were as follows: psychology i 
general education, psychology in medical education, problems of human 
engineering, theory of psychological measurement, recent developments 
in semantic measurement, the automobile driver, construct validity in 
psychodiagnostics, and “Can the psychology of learning be applied? 
Judson S. Brown of the State University of Iowa delivered the presiden- 
tial address, “Pleasure-seeking behavior and the drive-reduction hypothe- 
sis. 

Paul E. Mechl, University of Minnesota, was elected president for 
1954-55, and Julian B. Rotter, Ohio State University, was elected to the 
executive council for a three-year term, Election of 362 new members 
brought, the membership of the Association to 1526, a net increase 0 
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17 per cent. The 1955 meeting will be held on April 29-30 at the Sherman 


Hotel, Chicago. 
University of Illinois LEE J. CRONBACH 


FORTY-SIXTH ANNUAL MEETING OF THE SOUTHERN 
SOCIETY FOR PHILOSOPHY AND PSYCHOLOGY 

The forty-sixth annual meeting of the Southern Society for Philosophy 
and Psychology was held at the Biltmore Hotel, Atlanta, Georgia, April 
15-17, 1954, with the Philosophy and Psychology Departments of Emory 
University as hosts. Approximately 275 members and guests were present. 
Twenty-six papers in philosophy and 51 papers in psychology were pre- 
sented, At the joint session a symposium was held on “Language and the 
unity of science.” James G. Miller and Roger Buck were the principle 
speakers, representing philosophy and psychology respectively. 

Following the annual banquet, Karl M. Dallenbach delivered the presi- 
dential address entitled "Phrenology versus psychoanalysis.” 

At the business meeting, one member was transferred from the status 
of associate to full membership; and 10 new associate and 27 new mem- 
bets were elected to the Society. The new officers elected were: Charles 
A, Baylis, President; Joseph E. Moore, Secretary; Nicholas Hobbs, Treas- 
ur; Lewis Hahn, Council Member for Philosophy; and Edward E. Cure- 
ton, Council Member for Psychology. 

The 1955 annual mecting will be held either in Biloxi, Mississippi, 
or in New Orleans, Louisiana, under the auspices of Tulane University 


during the week end of the Easter vacation. 
University of Alabama OLIVER L, LACEY 


THE 1954 MEETING OF THE NATIONAL 
ACADEMY OF SCIENCES 

The annual meeting of the National Academy of Sciences was held in 

ashington on April 26-28, 1954. Of the 24 members of the Section of 
Psychology, 11 were present—Beach, Boring, Gesell, Graham, Lindsley, 
Miles, p illsbury, Richter, Skinner, Stevens, and Woodworth. J. P. Guilford 
Was elected to membership. 

Frank A, Beach, in collaboration with Allen Goldstein and George 
Jacoby, read a paper on the “Effects of electroconvulsive shock on gnating 
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behavior in male rats,” showing how shock alters sexual activity tempo- 
tarily and may increase the capacity for mating performance permanently 
or at least for long periods. 

In the exhibit of devices, instruments, and apparatus, B. F. Skinner, 
assisted by Charles B. Ferster, demonstrated the recording of the behavior, 
of a pigeon, which, for each of three different light signals, exhibited the 
response pattern for one of three different schedules of reward: re- 
inforcement at fixed intervals, reinforcement at a fixed ratio of intervals, 
and variable reinforcement in accordance with a special schedule. 

Harvard University EpwiN G. BORING 


THE 1954 MEETING OF THE AMERICAN 
PHILOSOPHICAL SOCIETY 


The American Philosophical Society held its annual meeting at the 
House of the Society in Philadelphia on April 22-24, 1954. Of the 14 - 
psychologist-members, Boring, Hovland, Hunter, and Miles were present. - 

Wilder Penfield read a paper on “Some observations on the functional 
organization of the human brain," in which he described the nature of the | 
imaginal phenomena experienced by conscious subjects when the ideational - 
cortical areas for the different senses are electrically stimulated on the 
exposed cortex. The Penrose Lecture by Vannevar Bush, given under the 
title “Scientific motivation,” dealt with methods of storing and making 
available the vast quantities of knowledge which are being ,created in the 
modern scientific age and the maintenance of scientific effectiveness undet 
this increasing burden of responsibility, 

Harvard University Epwin G, BORING 
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BOOK REVIEWS 
Edited M. E. BrrTERMAN, University of Texas 


Social Psychology. By SOLOMON E. AscH. New York, Prentice-Hall, 1952. Pp. 
xvi, 646. 

Social psychology is still vague. There is no standard pattern for a course on the 
subject, and there is no fixed list of topics with which every textbook must deal. 
The writer is still free to present as social psychology what he thinks is “really 
important for the understanding of man.” For this reason the new books on social 
psychology are particularly interesting. Our publishers insist that we write textbooks; 
but only in a textbook on social psychology can we write as we please. The past 
few years have presented us, in the guise of textbooks on social psychology, with 
a wealth of major systematic contributions to the understanding of man. Krech 
and Crutchfield, Newcomb, Sherif, Hartley and Hartley, Queener, and Sargeant— 
to mention but a few—represent serious attempts to grapple with the problem of 
understanding man as a member of society. Asch’s new book is certainly to be 
tanked with the best of these. We regret that it had to be presented as a textbook 
for it is clearly not a textbook—but we like to think that the better students of 

Psychology will find in its matuse and thoughtful consideration of the many- 
faceted problems of social behavior a greater challenge than is encountered in the 
usual text. Asch's book is a serious attempt at psychological systematization, gov- 
fined by a point of view that is explicitly stated and defended, and written in a 
Style that assumes a literate and thoughtful reader. Our educational efforts would 
Mote successful, and teaching would be a more exhilarating occupation, if 
we had more books of this calibre towards which we could steer our students, 
A course centered about this book might leave the student with fewer ‘objective 
facts! than he would glean from a more conventional course, but the student would 
emerge a better educated man. 

Mie style of the book is impressive, Although Asch makes no reference to 
tentano, the reviwer finds the comparison irresistible. This is a book in the 
tradition of Die Psychologie vom empirischen Standpunkte. It has the same graceful 
a the same fine feeling for the correct expression and the apt metaphor, and 
coat wealth of reference (not always explicitly identified) to sources in litera- 
ie Philosophy, and the other sciences. Asch as a student of man has 
t! P himself not merely in the literature about man but in the cultural products 

ee Which the essential nature of man has found expression. 
ii like Brentano, Asch's approach is empirical but not primarily experimental. 
if o tentano the essential facts of experience need no experimental Wesen 
chin can apprehend them clearly and think about them logically. Psychological > 
is ae can help to sharpen one’s observation but, in a sense, its main vous 
analysi; to reveal new truth but to demonstrate to others truths that in the lasi 
e must be tested by intuition. The bulk of Brentano's Psychologie B conse- 
y a careful balancing of pros and cons in the attempt to clarify intuition. 
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The bulk of Asch’s book is similarly a balancing of pros and cons. He is mani- 
festly appealing to us as social beings to observe our own experience, to reflect on 
it, and to judge whether or not it can be explained satisfactorily in any other way 
than that which he proposes. He enlarges our experierice by reminding us of 
things we may have forgotten and by reporting observations in cultures other than 
our own. Here and there he invokes the (spurious?) criterion of universality, but 
the final criterion is always the intelligibility of the finding in the light of our own 
experience. Experiments and other ‘empirical’ studies are quoted, some at consider- 
‘able length, but, as in Brentano, they usually appear as illustrative demonstrations 
rather than as sources of new truth. 

The resemblance to Brentano might be extended to the content of Asch's doctrine - 
of man, but that would be an unnecessary forcing of the parallel. Through the tradi- 
tion of Gestalt theory Asch has undoubtedly been influenced by Act Psychology, 
and his rejection of the atomistic, reductionistic bias is certainly in keeping with 
Brentano's emphasis. Much has happened since 1874, however, and Asch's thinking 
deserves to be considered in the context of the mid-twentieth century. 

What Asch gives us is a mid-twentieth century doctrine of man, a doctrine for 
people who are seeking a workable democratic alternative to communism and fascism, 
who are trying to find a place for individuality in a society that requires increasing 
amounts of social control, whose constant exposure to propaganda has made them 
wonder whether anything can be really believed, for whom the reported facts of 
cultural diversity appear as threats to traditional standards of ethical conduct, Has 
the psychologist of today any message that will help to restore sanity and a measure 
of optimism to a world that is confused? Asch is convinced that psychology has such 
a message, but that before it can be made intelligible many of the assumptions of 
current psychology must be challenged and many of the facts of human behavior 
must be scrutinized anew. Two convictions run through the book, one that the 
currently popular systematizations of psychology are inadequate, the other that i 
radical reorientation of our approach, with man-in-society as our, starting point, 
will enable us to develop a system that is worthy of our subject-matter. The recut 
rent pattern of the book is, accordingly: preliminary statement of the problem 
demonstration of the inadequacy of the common approaches, closer examination 0! 
the evidence, restatement of the problem in its larger context, affirmation of a 
sounder type of theory. There will be readers who will disagree with Asch's critique 
of other theories, with his evaluation of the evidence, and with the type of theo 
to which he consistently returns. None will fail to recognize the importance 0 the 
problems as he states them, nor fail to respect the courage and admire the skill wil 
which he attacks them, 1 

Asch's doctrine is, broadly speaking, a Gestalt theory of man as a social being: 
It leans heavily on Gestalt investigations of perception, motivation, thinking, an 
Geigy ment, and it represents in many way an elaboration of ideas which Wet 
theimer, Köhler, and Duncker advanced in their discussions of value theory. TV 
other Gestalt theorist, however, has attempted to work out the full implications 0 
the theory for social psychology. Lewin made brilliant forays into various fields 
Social behavior, but never integrated his findings into a system. Krech and cut 
feld réüected a Gestalt approach but, as authors of a textbook, evidently E 
pressed to incorporate a great deal of what is conventionally known as social p5 
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chology and to exclude evidence not found in ‘the literature.’ Asch has been bolder. 
He challenges us to look, with the eye of a psychologist, at all the complex problems 
of man-in-society, to survey the phenomena in all their dimensions, and to let the 
phenomena themselves dictate the theory. 

The Gestalt approach has demonstrated its value in the psychology of perception. 
Properties of organized wholes are no longer rejected as invalid because no simple 
counterparts in stimulus or receptor can be found. The recognition of their psycho- 
logical reality has led to the discovery of new principles of organismic functioning, 
and has assisted psychologists in bridging the gap between psychological and physical 
theory, Can the Gestalt approach be extended to the study of social phenomena, 
with the consequent implied hope that, through psychology, the social and natural 
sciences can eventually be unified? Asch seems to be buoyed by the belief that the 
realm of Natural Law includes the social behavior of man, that Social Law and 
Natural Law are in the last analysis one. If we accept Asch's faith, we may hope 
eventually to solve in a rational way the problems of social living. 

A Gestalt theory of social behavior, like a Gestalt theory of perception, begins 
with phenomenology. It attempts to ‘bracket’ all biases and look at phenomena as 
they are, proceeding therefrom to the establishment of correlations and the con- 
struction of theory. Although Asch does not use the term, he is in this sense a 
phenomenologist. The data of social psychology are just like the data of any other 
kind of psychology: things, events, spatial and temporal relationships, selves, 
anxieties, aspirations, and the multitude of unclear cognitive structures about which 
we ate oriented. All must be accepted initially at face-value, and their implications 
examined, before they can be disposed of as products of ‘association by frequency’ 
or ‘the law of effect’ or ‘ego defense.’ The world that people live in contains goals 
and values, theories and beliefs, just as it contains pains and hungers, frustrations 
and doubts. Asch, in formulating the problems of social psychology, attempts to 
keep all the phenomena in perspective. As a scientist, he is challenged just as much 
by man's achievements as by man’s failures, 

Asch's bétes noires are, of course, the thought-patterns of the nineteenth century. 
According to nineteenth century physics we could explain by reducing to atoms and 
their interrelationships ; according to Darwinian biology we could find explanations 
by searching for origins and tracing the process of development. Both approaches 
Are reductionistic, Both are reflected in modern stimulus-response theory and in 
modern Freudian theory. Any theory, Asch would argue, that is based on simple 
§ssociationism and hedonism, is so restrictive as to render impossible a psychology 
that can deal competently with the full richness and variety of human experience 
and behavior. Granted that there may be alternative, equally consistent, ways of 
viewing man, no psychology is adequate if within its model the distinctively human 
characteristics of man cannot be encompassed, his rationality as well as his irration- 
ality, his cteativity as well as his stupidity, his loyalties, his ambitions, his ethical 
ideals and, above all, his capacity for shared experience. The psychologist, above 
ü Should be curious about man at his best. In this respect, Asch feels, both the 

havioristic and the psychoanlytic approaches are incapable of leading us to a full 
Understanding of man. 

b ier or not Asch has made a proper case against his opponeffts will be 
“puted. Any polemic is open to the 'straw-man' criticism, and Asch's is no excep- 
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tion. It is much easier to dispose of an enemy if one has disarmed him first, and 
many Freudian and Hullian disciples will wish that their champions had had a 
chance to fight back. McDougall's followers will feel the same way. What must be 
remembered, however, is that this is an argumentative book. Although Asch quotes 
liberally from representatives of alternative views, he is dealing essentially, not with 
particular theorists, but with types of theory. Asch has attempted to shear away 
personalities and other irrelevancies and to expose the naked issues to the clear light 
of logic. Whether or not we finally agree with his reasoning, we now have a 
clearer picture of the issues, 

From the point of view of this reviewer, however, the real question centers about 
our view of psychology as science. Many readers will find the book an interesting, 
thoughtful, essentially ‘philosophical'—but not 'scientific—disquisition on human 
nature. They will seek in vain for nice, neat principles in terms of which all be- 
havior can be explained, predicted, and controlled. To oversimplify the situation, 
one might say that our psychological theorizing seems to be either model-oriented 
ot problem-oriented. The model-builders begin with a model—it may be sociological, 
psychological, neuro-physiological, physical, or mathematical—and try to incorporate 
all possible phenomena into the model. Phenomena that do not fit are rejected or 
postponed. Titchener and Watson were in this sense model-builders; so were Freud 
and Hull. The problem-oriented Psychologist is less likely to worry at first about 
his model. He begins with a massive question, looks at the relevant phenomena, 
and then tries to construct a model that will account for all the phenomena. If the 
model does not fit the phenomena, he constructs another model. Lewin was one of 
these, Finding Euclidean geometry unsatisfactory, he tried topology; and finding that 
topology could not represent the dimension of force, he introduced vectors. The 
result was still unsatisfactory, for it did not include the temporal variable in be- 
havior, If he had lived longer, he would certainly have revised his model still 
further, but the revision would have been made in response to the dictates of the 
phenomena, not to the requirements of the model. The model-oriented theorists give 
us a neat theory that will account for some of the phenomena; the problem-oriented 
theorists give us a ragged theory, that attempts to encompass all the phenomena, 
but that may be discarded as soon as the phenomena point in a different direction. 
Both types of theorizing have proved their usefulness in the history of science. 

Asch clearly belongs to the problem-oriented group. His massive question—a vety 
old one—is: How can people live together in society so as to achieve the good life? 
The Phenomena he looks at are not the acquisitive tendencies of squirrels, the 
salivary conditioning of dogs, or the college sophomore's learning of nonsense 
syllables. He looks at the most "human' aspects of man's behavior, the goals towards 
Which behavior is directed rather than the biological needs that may initiate ity 
the values, beliefs, and prejudices that are found in organized society rather than 
the hypothetical learning processes whereby they may have been acquired, man's 
Occasional resistance to conformity as well as his tendency to follow the herd. He 
insists that we study the complexities as well as the simplicities of life, and that 
we try to see these complexities in terms of ‘what they mean to the individual: 
This is a much more difficult task than most social psychologists have been willing 
to face. To systematize this kind of Psychology is a major undertaking. 

Many readers will be of the opinion that Asch has failed, and this reviewer tends 
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to share that opinion. But it is a brilliant failure. Asch has honestly and courage- 
ously faced the really important problems of social psychology, he has examined 
the conventional solutions and found them wanting, but he has not given us a new 
theory that fully illuminates the facts. The fault, however, lies not in the author 
but in a science that has been more concerned with models than it has with phe- 
nomena. Asch has not given us an adequate science of human behavior for the 
simple reason that in our psychological researches we have not been looking at 
behavior in its truly human aspects, and that consequently we lack the factual 
resources for good theorizing. Asch has, however, reformulated the problems, 
pointed to phenomena that we ought to be considering, and indicated the proper 
line of inquiry. Sir Francis Bacon is reported to have said: Prudens quaestio 
dimidium scientiae. In this sense, Asch has substantially advanced the science of 
psychology. If to be a scientist is to be persistently curious about phenomena, to 
continue looking, wondering, and theorizing, then Asch's book will rank as one of 
the milestones in the history of scientific social psychology. 
Cornell University Rosert B. MACLEOD 


A Behavior System: An Introduction to Behavior Theory Concerning the Indi- 
vidual Organism. By CLARK L. Huir. New Haven, Yale University Press, 1952. 
Pp. ix, 372. 

It is symbolic of Hull's life that this fina] volume, which is important in rounding 
Out the presentation of his learning theory, was completed only three months be- 
fore he died, and was completed despite the fact that, in his last few years, his 
health permitted him to work only a few hours each day. As one may judge from 
his simply-told story in the History of Psychology im Autobiography (vol. IV), 
there have been relatively few psychologists who have had to fight so hard against 
early cultural disadvantages and against physical handicaps, It is not surprising that 
those who were close to Hull saw certain heroic qualities in his work and were 
stirred to unusual loyalty to him. ` 

Tt is fortunate for psychology that Hull was able to finish this volume, which 
Was not the last one he had hoped to write. His plan called for still another 
Volume to apply his theory to social or group behavior, but this further volume 
Would have been parallel in many ways to the present one and less important in 
tounding out the presentation of Hull's basic thinking. The present volume, on the 
other hand, is fairly indispensable. It clarifies Hull's goal and methodological con- 
cepts as a learning theorist; it presents his final conclusions on various details of 
interpretation; it gives the basis for discussing the adequacy and degree of empirical 
oe ort of his hypotheses; and, finally, it puts us into a better position to appreciate 

© general character of Hull's contribution. 
hae goal, This book, as everybody would have anticipated, illustrates very 
dearly Hull’s general theoretical orientation. It illustrates as well, however, the 
d Specific form in which Hull envisaged his goal. Hull has made this point in 
© autobiographical paper mentioned above: “. . . I came to the definite conclusion 
ound 1930 that psychology is a true natural science; that its primary laws are 
OUR quantitatively by means of a moderate number of ordinary equations, 

t all the complex behavior of single individuals will ultimately be derivable 
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as secondary laws from (1) these primary laws together with (2) the conditions 
under which behavior occurs ; and that all... strictly social behavior , , . may 
similarly be derived . . . from the same primary equations . . . the task of psycholo- 
Bists obviously is that of laying bare these laws as quickly and accurately as pos- 
sible, particularly the primary laws. This belief . . . has determined the most of 
my scientific activites ever since, and the longer I live the more convinced I am 
of its general soundness” (p. 155). Phrased in this way, Hull's goal was still one 
with which most psychologists would sympathize. They might doubt that the full 
tange of human activity will ever be derived from a "moderate number" of equa- 
tions; but they still would agree otherwise. 

Hull's belief as to the best strategy for reaching his goal. We are familiar nowa- 
days with the concept that research ought to be guided by an explicit methodology, 
In much the same way, to think effectively about Hull's work in learning theory we 
must understand explicitly the methodology of theorizing on which Hull pinned his 
hopes. There are three features of this method which should be noted. (1) As the 


When I reviewed Hull’s Previous book, The Essentials of Behavior (1951) (this 
JounNar, 65, 1952, 478-491), I noted that Hull was developing such a 'miniature- 
area system’ and I expressed my uncertainty as to what Hull intended to get from 


Psychology, it is important for us to clarify our ideas about what they accomplish. 
There are several Possibilites. , | , One is that research within such a miniature 
area can establish the principles from which all of the more complex phenomena 
Outside that area can be deduced, Sometimes it seems that Hull takes this position’ 
(p. 489). Now we can see that this last sentence should have read, not "Some 
times |. |,” but "Basically, this is Hull’s faith.” 

The content of this book as an application of this Strategy. In the two preceding 
books in his series—Principles of Behavior (1943) and Essentials of Bekavior— 
Hull sought primarily to work Out the first methodological task of the three out- 
lined above. That is, he sought primarily to derive a set of basic principles oF 
hypotheses, from classical and instrumental conditioning experiments. He gave 
some illustrations of the possible applications of these principles to other fields 
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of learning, but he has emphasized in subsequent writings that he was not then 
attempting to demonstrate the general validity of these basic postulates, In the 
Principles, Hull also attempted to get his laws into rough quantitative form. This 
work was limited, however, to attempts to indicate the £ype of curve involved in 
each case, and there was no attempt to find exact values for the constants used in 
the equations. In the Essentials, a few definitely new concepts were added—espe- 
cially the concept of ‘stimulus intensity dynamism’ and the concept of a scaling 
method of expressing habit strength. 

In the present volume, a minor part of the discussion continues the effort of the 
two preceding volumes, with simple non-competitional situations being used to 
decipher the hypotheses to be taken as ‘primary laws.’ Eleven of Hull’s 17 main 
postulates are now presented with specific numerical values as constants. The figures 
which previously seemed to be only illustrative are now incorporated, without 
any additional evidence of their representativeness, within the primary laws. Most 
of the space in the present volume is, however, devoted to the deduction of a 
long series of ‘theorems’ regarding somewhat more complex learning situations and 
to surveying (sometimes in detail, sometimes in a very sketchy manner) the experi- 
mental evidence bearing on about 65% of these theorems. Many of these deductions 
follow the approach developed by Spence with reference to discriminative learning: 
Positive reinforcements build up positive habits which tend to generalize along 
the afferent continuum; non-reinforcements tend to build up habits of non-responding 
and these likewise tend to generalize; gradually an excess of reaction potential suffi- 
cient for consistently correct responses is developed. Many of the other deductions 
depend on a new approach to the goal-gradient principle, which is derived from 
the stimulus-intensity dynamism and the gradient of the ‘molar stimulus trace,’ As 
a whole, the present volume is very difficult, Unless a reader has a lot of experience 
With Hull's previous writing, and unless he is willing also to take a lot of time 
to figure out why Hull used this calculation or that, he will simply have to take 
On faith a great part of the discussion. 

I think there is no.question but that the present volume, more clearly than the 
earlier Ones, indicates that Hull’s theory is basically a fairly atomistic reinforcement 
theory, For example, even the development of skill is interpreted as a matter of the 
development of a large number of different habits, each related to different ‘strands 
of muscular contractions.’ The proposal is that, since reinforcements follow awk- 
Watd movements as well as better-adapted movements, the muscular conttactions 
Involved in occasional awkward movements acquire some habit-strength too, but 
oad lose out to better-adapted muscular movements because they generally 

"^ a greater temporal separation from the reinforcement. Blind alleys are 
eliminated for the same reason. 

t 2 mentioned above, the majority of Hull's postulates give in their A i i 

ia Em of very refined quantitative work, For example, Postulate EN 2: 

ferent fare way the strength of the hunger drive in rats as a consequenc 
ours of food deprivation: 


D= (37.824 x 10°" x 1/h + 4.001) X (1 — .00001045***) 


i 48 in this case, values are given as though they were significant te four or 
© Aures. Actually, however, there is no evidence to indicate that the quantitative 
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values are significant in anything more than the very roughest sense. In the first 
place, there is nothing in their origins to indicate that the specific values are worth 
noting. Thus, as I mentioned in the review of the Essentials, Hull's new procedure. 
for absolute scaling of habit strength was used by two of his students with different 
outcomes, and was used by Zeaman with still other results. Hull merely adopted one” 
of the resulting equations and left unmentioned the fact that there were other results? 
in other studies. Often, furthermore, the source studies are not highly reliable and 
ought not to have been treated as giving strong support for one curve rather than 
some other. Finally, there really is nothing in the present volume to demonstrate 
that the precise quantitative values are essential to the deduction of the various 
theorems, Hull could have taken a wide range of values and still ended with the 
Same general predictions, Thus, as far as the present book gives evidence, I think 
that all of his quantitative expressions might just as well have been replaced by? 
statements to the effect that a given variable increases or decreases with changes in 
some other variable. 

The value of Hull's principles, In his last chapter, when he looked back over his 
book, Hull decided that 123 of his 178 theorems had been compared with relevant 
evidence, that 106 of the 123 appeared to be definitely validated, most of the rest 
had some support, and only one was definitely challenged by available evidence, 
Such material shows that the general features of Hull's principles have some value, 
The evidence is not, however, extensive. For example, to show that his concepts 
could account for discrimination-reversal learning, Hull considered two rather 
small studies which used conditions whose influence could be harmonized more 
or less with his postulates, but he did not mention the more extensive experiments 
by Harlow which his theory hardly could have accounted for. To explain the effects 
Seen in Crespi's experiment on changes in amount of reward, Hull, assumed @ 
rapid emotional learning based on frustration, but he did not examine the question. 
of whether, from his standpoint, the conditions should have yielded any frustration. 
To account for transposable habits in some discrimination experiments, he cone 
sidered the possibility that, in experiments with simultaneous presentation of the 
Positive and negative stimuli, the animal learns to respond to the "degree and 
nature of the afferent shift from the trace of the preceding stimulus to the stimulus 
Which follows"; but he did not indicate how this proposal might have been 
harmonized with such further effects as those obtained by Saldanha and Bitterman 
in 1951. He deduced that, where animals have no pre-existing preferences for one 
alternative rather than the other, as in usual discrimination experiments, correct 
choices should begin to prevail (with large groups) after the first trial or two, but 
he did not note the findings of discrimination experiments which do not support 
this conclusion. 

Such difficulties could be multiplied, but, as I followed Hull's successive books, 
it finally dawned on me that it Was pointless and is pointless to indicate such dis- — 
cordant evidence, Originally, I thought that Hull described his main aim when he 
said that ". . , empirical Observations are regarded as primary, and wherever # 
generalization really conflicts with observation the generalization must always Biv® 
way" (Principles, p. 12). With this final volume, however, I come to see that Hull 
over-estimated his interest in empirical details and under-estimated, at least in such 
statements, his interest in developing a comprehensive: theory. His heart was in t 
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latter task, in much the way that James B. Conant has described in his discussion 
of scientific theorizing in his little book On Understanding Science. As Conant says: 
"... in complex affairs of science, one is concerned with trying to account for a 
variety of facts and with welding them into a conceptual scheme . . . a conceptual 
scheme is never discarded merely because of a few stubborn facts with which it 
cannot be reconciled . . . it takes a new conceptual scheme to cause the abandon- 
ment of an old one... ." (pp. 84, 89). It is the sort of thing that Conant illus- 
trates by reference to the controversy over phlogiston between Lavoisier and 
Priestley: "Not until long after Lavoisier's execution in 1794 was the relationship 
between the two gases straightened out. Therefore, Lavoisier was never able to re- 
spond to the most weighty of Priestley's arguments against his doctrine. He merely 
ignored the alleged facts, much as Priestley ignored the unexplained gain in weight 
or calcination, Each undoubtedly believed that some way would be found around 
the difficulty in question. . . . So proceeds the course of science" (p. 96). 

About all that we can say at this point, therefore, is that Hull's theory represents 
àn earnest attempt to develop a comprehensive account of learning and that it has 
at least the value of dealing explicitly with a wider range of phenomena than per- 
haps any alternative interpretation. It cannot by any means handle all of the diffi- 
culties which a skeptic could have presented to Hull, but, as Conant says, "Some- 
times it turns out that difficulties with a concept or conceptual scheme are wisely 
ignored, sometimes unwisely" (p. 96). It remains to be seen which will prove to 
be the case with Hull's theory. In line with Conant's interpretation, perhaps what 
We need most is the further development of alternative lines of thought so that 
We can have the means of comparing Hull's theory with equally inclusive or more 
inclusive alternatives, 

University of Oregon ROBERT LEEPER 


Human behavior from the transactional point of view. F. P. KiLPATRICK, Editor, 
Hanover, Institute for Associated Research, 1952. Pp. vii, 259. 

For several years now the ‘Ames demonstrations,’ under various auspices, have 
mou the attention of workers in widely different fields—psychology, philosophy, 
aan and art. The demonstrations themselves, the experiments based on the 
"monstrations, and the theory generated by the demonstrations and experiments, 
ii Benerally accepted as proving the necessity for a fundamental reorientation to 
the Problems of perception, The volume under review is largely a compilation of 
CxPerimental investigations and theoretical papers already published or about to be 
Published. In a sense, then, it represents a certain definite stage, though by no 
Means a final one, in the exposition of the Ames-Cantril point of view. 
ean, Monograph is divided into three main parts. Part I deals with the "demon- 

l ns and theory.” The chief demonstrations, with which the reader is prob- 

Y already familiar, are the ‘chair,’ the ‘distorted room,’ the expanding and con- 
Hong balloons, the ‘card’ setup, the rotating trapezoidal window, ‘radial’ move- 
his [s the perceptual effects produced by the wearing of aniseikonic glasses. 
ier vo closes with a previously unpublished paper by Kilpatrick ona state- 
the s theory." Part II presents "some representative research papers." Four of 

Sven Papers of this section have not yet been published separately. There is 
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a study by G. H. Smith on perceptual changes associated with distance j 
of “friendly” and “unfriendly” faces; a study by Hastings on the relai 
tween “visual perception” and “level of Personal security"; a paper by K 
on “assumptions and perceptions: three experiments” which is concerned 
influence of “assumptions” on several perceptual effects derived from the 
trapezoidal window; and a fourth paper by Ittelson and Kilpatrick which deal 
the same window. Part III considers “some implications of the demonstrati 
theory.” It consists of a group of papers in which the nature of scientific 
social perception, and the ‘constancies’ are discussed from the Ames-Cant 
of view. 

Since the “transactional approach" to perception can be assumed to have ft 
a point of maturity in the monograph under review, it may be worthwhi ] 
out the basic theoretical postulates. According to Kilpatrick, "a given physiol 
stimulus-pattern may be related to (produced by) an infinity of different 
conditions, Consequently, the particular external configuration perceived 
derived from the stimulus-pattern alone; only a class of external coni 
may thus be derived” (p. 3). In examining the implications of this sta 
patrick continues at an 


of configurations; we see just one. This means, of course, that perception 


ably is necessary, but it is not sufficient. There must be, in addition, some 
the organism's ‘choosing’ one from among the infinity of external conditi 
which the pattern might be related" (p. 88). The ‘choice’ which the in 
makes is a function of his past expi 
effectiveness of his actions. 
aspect of the transactional process which may be described as a weighted 
of past experience in dealing wii 
environment to which it is rel 


are built up by action, checked by action, and modified by action, as the 


9). Or, in short, "what we see are 
built up through experience" (p. 14). In the making of a ‘choice’ the 
may be in ‘conflict’ as to which one of the infinity of possible configurati 
be selected. In such cases the Perceptual outcome apparently is to be 
in “terms of averaging our past experience” (p. 8). Here is a more specific 
ment which bears on the same Point: "a perception is a prognostic directi 
Purposeful action. The reliability of this prognosis will be related to the re 
and number of the indications Or abstracted aspects whose integration ¢ 
the perception. Presumably, the relative reliability of these indications is” 
from experience while carrying out purposeful activity” (p. 185). Me 
The foregoing theoretical statements underlie all the demonstrations and 
ments. The monocular ‘distorted’ room may serve to exemplify the theory. | 
and Kilpatrick write: “Each part of a distorted room must subtend the samt 
of an eye placed at the chosen observation poini 
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the corresponding part of an undistorted room observed from the same point, If 
this prescription is followed, the stimulus-patterns on the retina will be the same 
for the distorted and undistorted rooms. In this fashion, a whole ‘family’ of dis-. 
torted rooms of vastly different shapes could be built, yet all of them, if our reason- 
ing is correct, should be seen as ‘normal’ instead of some other way because our 
past experience has made it a ‘better bet’ to perceive level floors, upright walls, 
rectangular windows, etc." (p. 48). Furthermore, it is assumed that social and per- 
sonal factors enter into the process of perceiving the room and its contents (pp. 
48, 239). 

Some of the main results reported in the monograph which apparently confirm 
the underlying theory are as follows: (a) With regard to the ‘distorted’ room, all 
Os, under the conditions of the experiment, describe the room as "normal or very 
nearly normal" (p. 48). Moreover, it is suggested that as O explores the distorted 
room "he sees the room more and more in its true shape even though the stimulus- 
pattern on his retina has remained unchanged" (p. 51). (b) It is reported that in 
“size-distance” judgments of the projected images of “friendly” and “unfriendly” 
faces, the “friendly” faces are seen as “larger” than the other faces (p, 138). 
(c) “Relatively insecure" Os localize objects (pictures of a Rorschach inkblot, of 
4 laborer, of an expensive automobile) as being nearer to them than do "secure" 
Os (p. 150). (d) Perceptual effects produced by a cylinder inserted at a given 
angle through the mullions of the rotating trapezoidal window depend on the assump- 
tion made about the nature of the cylinder. The Os reported a greater degree of 
distortion in the cylinder when they assumed it was of steel than when they 
assumed it was of rubber (p. 170). (They did not know that the same cylinder 
actually was used in both phases of the experiment.) 

It may be well to raise here some questions which should be considered in a 
future reformulation and revision of the theory: 

(1) Let us deal first with the main theoretical point: the fact that a given retinal 
Pattern may be „produced by an infinity of external configurations implies that the 
perceiver, on the basis of past experience, chooses and sees a particular one. This 
Would mean that if an individual is reared in a world in which there are no 
Fectangular’ rooms or ‘rectangular’ forms he would see the ‘distorted’ room as 
actually distorted; furthermore such a hypothetical individual would not see oscil- 
MON in the rotating trapezoidal window. Yet a major empirical result is that all 
individuals (apparently, regardless of variations in past experience), under the given 
Experimental conditions, see the ‘distorted’ room as normal and oscillation instead 
Y SIN, The universality and uniformity of results suggest that the given per- 
de ual process is a necessary one rather than one chosen by the perceiver. More 

ention should be Biven to the framing of a decisive experiment in this regard. 

Or example, the "assumptive complex" or "weighted past experience" of O should 
a Changed While the retinal pattern is held constant. Would there be any cor- 
Osim Perceptual changes? This point, of course, is acknowledged by the d 
that expl eorists (p. 164). As mentioned earlier, it is suggested in the (ie EN 
more oring the distorted room with a stick causes O to “see the si Srt vn 
when its true shape” (p. 51). The reviewer would venture the prediction 

the results of such an experiment are fully reported they will na fit the 
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Ames-Cantril theory. Parenthetically, the reviewer would like to see the phrase 
“true shape” clarified because another Phase of the theory asserts that we can never 
know the actual or true character of the world. 

(2) When O is properly placed in relation to the ‘distorted’ room he reports a 
room which is ‘normal’ in appearance. An explanation in terms of past experience 
seems to be unnecessary since the 'distorted' room was specially constructed so as 
to produce the retinal pattern that a ‘normal’ room would produce (p. 48). Further- 
more, suppose that the retinal pattern were not that of a ‘normal’ room, Would 0 
then see a ‘normal’ room? The answer is obviously zo because when O steps back 
from the viewing point in the distorted room demonstration he no longer sees the 
room as ‘normal.’ Shall we assume that there was a corresponding change in the 
“assumptive complex” of the observer? As the reader undoubtedly knows, the per 
ceptual effects under consideration can be photographed. Does not the fact of 
Photography imply that O's perception is a necessary one? The observer's percep: 
tion of a ‘normal’ room can be checked by actual measurements on the photograph; 
and, for this particular demonstration, measurements and perception coincide, 

(3) When the cylinder is placed through the mullions of the rotating trapezoidal 
window distortion effects are a function of the “assumptive complex” of the ob- 
‘server. If the cylinder is assumed to be of steel. (due to informal instructions of the 
experimenter) it distorts to a lesser degree than when it is assumed to be of rubber 
(p. 170). Accepting this experimental result (no statistical test of significance was 
reported), we may ask several questions, What would happen perceptually if 0 
were led to assume that both the cylinder and the window are of steel? Why was 
it so easy to change the “assumptive complex" of O in this situation while it was 
so difficult (if not impossible) in other situations? Up to the time of the writing 
of the monograph the Ames-Cantril group has had ample experience in dealing 
with the ‘true’ nature of the objects used in the various demonstrations, They de 
sign, construct, constantly utilize and discuss the various pieces of apparatus, Has 
this close and prolonged experience with the experimental setups changed their pun 
perceptions? Do they see the ‘distorted’ room in its true shape or the trapezoidd 
window rotate rather than oscillate? A reader of the monograph would gain the 
impression that, despite the knowledge of the members of the group, they observé 
the same phenomena as do their Os. 

(4) There is sometimes insufficient clarification of experimental procedures and 
of the relation of a given experiment to the theory. For example, projected images 
of “friendly” faces are seen as "larger" than “unfriendly” faces (p. 138). How 5 
Such a result specifically related to the underlying theory? Moreover, this expeti" 
mental result represents an inference of the experimenter on the basis of distance 
judgments of O— "friendly" faces were set nearer to himself than were the "um 
friendly” faces. Why weren't Os instructed to compare sizes rather than distances! 
In addition, the actua] instructions used emphasized the subjective nature of est 
mates (p. 132), Would more ‘objective’ instructions produce different results? 

(5) It is asserted that "man can never know more of the external world than 
those aspects which are directly relevant to the carrying out of his purposes (p. 
88). How is it that man apparently always has been able to see stars and stellat 
constellations when such objects seem to lie outside the scope of purpose and 0 
action? Furthermore, how would the proponents of the Ames-Cantril theory © 


BOOK REVIEWS : 385 


those consistently reported visual phenomena about which the observer does 
know, and is in no position to know, what the effects ought to be (for ex- 
imple, figural after-effects) ? 


animals have perceptual responses which are basically similar to those of humans, 
ite we to impute the same “‘assumptive complexes" to them? 
(7) The reviewer notices no discussion of, or reference to, Pratt's (J. Psychol, 


ing on distance-perception. The Hastorf paper is, however, included in the mono- 
graph, In a systematic elaboration of theory there should be some discussion of the 
alls interpretation regardless of whether it is accepted or rejected. 

The authors of the monograph are to be commended for bringing together their 


results and for dealing with the theoretical issues generated by their results. 


Queens College NICHOLAS PASTORE 


be Sensations: Their Functions, Processes and Mechanisms, By HENRI PIERON. 
Manslated from French by M. H. PirENNE and B. C, Assort, New Haven, Yale 
lversity Press, 1952. Pp, xxiii, 469. 
P The Human Senses, By FRANK A. GELDARD, New York, John Wiley & Sons, 
1953, Pp. x, 365. 
titon's book is an erudite personalized handbook of sense-physiology, written 
al functional point of view and already somewhat dated. 
|, Of Piéron’s erudition no reader can remain long in doubt. The 793 items in his 
‘inal bibliography, the 700-odd names in his author-index, cite researches from 
1790 to the present, 10% of them before 1900, 40% before 1930, most of them 
n. Quite often a crucial determination or a best measurement turns out to 
ue Deen made long ago. Yet the selection is personal, Piéron's own. Any com- 
TUM sense-physiologist or psychophysicist will be troubled by the omission of 
| rence to many researches which he thinks are relevant. For instance, Geldard's 
E » With its much wider scope, lists 330 references against Piéron's 793 with 
UI 44 common to the two lists. Only three of Geldard's citations are to French 
j a thes; 208 of Piéron's are French. Geldard cites 33 articles in German, Piéron 

we Geldard has 89% of his citations to English articles, Piéron 45%. Piéron 
mr over, many xenotypical statements, like his use of the phrase "Fechner's 
dox" to indicate brightness-constancy instead of the failure of binocular sum- 
ef as We use the term in America, So the reader must remember that he is 
E P Piéron, Professor in the Collége de France, lecturing on what he finds 
With; nns Own very special field. à 

Jin that special field this book is a handbook. It is replete with data, especially 

ES Never before did the first thousand milliseconds of a sensation's life 
A certai, tailed analysis and description, You can read a chapter and gain, from 
"tain perspective of a limited set of events; yet there are in it so many nu- 
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merical facts that inevitably you come away with the major impression that her 
is the place to look a fact up, a set of standard tables on sense-excitation tob 
used for reference, not held in memory. 

Nor does this text deal with experimental method or, except in the matter o 
the "Bouguer-Weber law," with controversy. At last psychologists have a facti 
book to read, one that discusses the phenomena of sensory excitation, not the re 
searches by which the phenomena were found. Piéron will indeed tell you that an 
exact value is not yet sure, that someone else got a different figure, that Fletcher's 
value for the threshold of hearing is ten times Wien's, but then he takes the ac 
cepted value and runs it through to all the consequences, imbuing the discussion 
with the spirit of certainty rather that the atmosphere of operation-dependent 
dubiety to which American psychologists have become accustomed. 

Piéron's field is sense-physiology. It is scarcely psychology at all. The excitatory 
events at the receptors concern him most and it is only in the last chapter that lt 
“ventures so far afield as the brain. There the neurones that have to do with sensi 
tion are called "esthesiones" and what goes on consists of the recruitment of 
esthesiones by the excitation of numbers of fibers and by the frequencies of ex- 
citation in these fibers. The more esthesiones recruited, the more intense the sens 
tion. You feel, however, that the careful physicalism, which Piéron finds adequate 
for getting from stimulation through the receptor and onto the excited fiber, halls 
confused before the Psychocerebral mystery of an implicit dualism. Evidently Piéron 
belongs to the older Beneration that accepts, as the ultimate explanation of the 
psychophysical event, the correlation of an excited spot in the brain with the oc 
Currence of a sensory experience. The newer generation notes, on the contrary, that 
nO spot in the complicated excitatory course is less necessary than another, that 
à sensation as a scientific fact has to become public information, that its publication. 
is an efferent event, and that in this manner physicalism becomes adequate to the 
explanation of sensory quality; but of this kind of consideration Piéron sis 
nothing. Perhaps for him it Smacks too much of American behavioristics. ; 

The gexeral intent of this book is to present a functional view of sensation 
Piéron speaks constantly of excitation as messages, and actually the philosophy of 
information theory, could have been used here with good effect, partially, indeed | 
to solve John Locke's as wel] as Piéron's problem of how the mind gets to know 
about the external world, The original title of this book was Aux sources de 
connaissance; la sensation guide de vie, That title on its paper cover suggests 4 
Popular book for the multitudes, but Piéron is tough reading and the Yale Press 
did well to change the title and put on a cloth cover to warn Americans. Unfor 
tunately Piéron's book is somewhat dated in this active field. The author wrote his 


5 4 nei r 
Piéron knows how difficult it is to state the nature of the intensitive stimulus ii 
all the senses, For vision and hearing the stimulus can be expressed in terms 
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n as Piéron says, or better in terms of change of energy, but the case is at 
t not such for smell, taste, touch, warmth, cold, pain and kinesthesis, He 
off all the soft-minded theorists who argue for the logarithmic relation be- 
stimulus and sensation in respect of the Fechner law, even after they them- 
have revealed exceptions to it and deviations from it, but then he concludes 
vocally for the existence of logarithmic relation in the receptor: "The in- 
of excitation at the level of the receptor mechanism is proportional to the 
of the stimulus intensity" (p. 381). How could any such statement be 
sible without precise specification of the unit of measurement of the stimulus? 
the relation is asserted for any one measure of the stimulus, it is ipso facto g 


that Piéron has here fallen into the same trap as his predecessors—an easy 
@, it is true, since the gross fact of diminishing returns for increasing in- 
is so obvious for many measures of the stimulus although the precise 
ic relation is not. 

d's book is a conventional handbook in the field of sensation, written with 
| clarity at the level of the American graduate student in experimental psy- 
This author's citations are more up-to-date than Piéron's and he also seems 
d to rely less often on ancient researches, Only 3% of his 330 references 
j before 1900, 20% before 1930 as against Piéron's 40%, and 40% after 
as against Piéron's 2096. Geldard covers the field of sensation defined by 
as applying only to the facts and laws of sensory quality and intensity, with 
tial and temporal aspects of sensory experience left to be considered under 
ion—a dichotomy arising out of Wundt's respect for Kant's categories. Here, 
; lies the major criticism of this volume: it leaves out all of space perception— 
"actual and auditory, thus everything about form and the extensitive Or- 
on of perception, all of temporal perception, thus the perception of time, 
€s of perception, the temporal organization of experience. Even Piéron has 
One pages on "the appreciations of time,” The modern American view in 
$ and handbooks has come to be not to distinguish between sensation and 
j and the pity is that Geldard could not have written twice as big a book 
ide the entire field, thus stimulating the revival of courses in this oldest, 
omplete, and most scientific field of psychological instruction which is now 
Student-interest. Unfortunately the present text is not big enough for a full 
course, 

d's volume is more of a text than a handbook. Its five chapters on som- 
Sensation, a little more than a third of the book, are the fullest in relation 
State of knowledge, and also they are the best. Here lies Geldard's Fach, 
“can be grateful that he has not restrained himself in this usually neglected 
en if his enthusiasm does unbalance the exposition a little over against 


and hearing, which together have somewhat less than half the total available 
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three of the five sense departments. Some of his success in presenting dubious fact 
with interest lies in his skill in the use of the English language. He is by now 
one of the best writers among American psychologists, Piéron in English transla 
tion is tough and remains an enemy for the reader to conquer. Geldard is the 
reader's friend, the perfect teacher whose technique is so good that you neyer think 
about it until you start to write a review of him. j 

Tt is strange that two books with such similar titles could have so little content 
in’ common, but Piéron is writing sense-physiology and sticks to the periphery, 
whereas Geldard is writing “outer Psychophysics,” presenting correlation of sensory 
experience with stimulus-conditions, the experience that Piéron seems not to know 
how to capture in the net of science, 

Have these books no errors? Little ones, and perhaps’ others that the reviewer 
is not wise enough to discover, Totaling the author's minor errors and the reviewer’ 
criticisms, dissénts, and regrets about omissions, we come out with less than three 
score items for Geldard’s 140,000 words, and about as many for Piéron's less 
familiar 190,000 words. The principal comment to be made about these books is 
that we are fortunate in having them both, fortunate in having this definitive 
account of Piéron's distinctive and distinguished contribution to science put ovet 
into English so that Americans can read it, fortunate in having Geldard making his 
wisdom, his maturity, his insight, and his skill in English composition available for 
the education of American Psychologists, so many of whom are already forgetting 
that there is no topic in Psychology in which there is so much accumulated know! 
edge and certain fact as the topic of sensation. 

Harvard University Epwin G. BORING 


The Conceptual Framework of Psychology. By EGON Brunswik. International 
Encyclopedia of Unified Science, Volumes I and II: Foundations of the Unity of 
Science, Volume I, Number 10. Chicago, The University of Chicago Press, 1952. 
Pp. iv, 102. À 

"This monograph comprises a broad survey of psychological problem-areas and 
methodology. A decrease in Brunswik's customary condensation makes for af 
increase in ease of reading, as well as for some sacrifice of the conceptual detail 
found in his earlier writing, to which, however, convenient references are made. 
The increasing Popularity of the general viewpoint which Brunswik has explo 
So carefully makes this survey an especially important one today and, as a review 
Psychology's problems, it is imaginative and intriguing. " 

Brunswik approaches the Problem of achieving ‘objectivity’ through the histori 
attempts to achieve epistemological certainty. With the Gestaltists, he rejects the 
constancy hypothesis (of a “one-to-one correspondence of sensory stimulus elements 
and conscious sensations,” p, 4) but, unlike the Gestaltists, he makes no appeal t0 
organization, and considers the relation of stimulation and experience to be an 
ambiguous one. With ambiguity therefore inherent in all our knowledge, “Obie 
tivity” is statistical, depending on the degree to which ", . . a class of responses 
yielding maximum reliability coefficients within or between individuals facing : 
tr: common ... situation” (p, 11) is achieved; judgments as to the coincidence 
of points in space-time are the most reliable, and are therefore to be the language 
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science, The correct level of behavior to be studied by “objective psychology” shows 
"rarius functioning,” i.e. the achievement of the same goal through different 
motor acts (detour behavior and so forth) and the perception of the same distal 
“object even though the proximal sensory stimulus varies (the perceptual ‘constan- 
ies’). The reliability of achieving a goal through any one motor sequence is low, 
as is that of perceiving distances of objects correctly through any one “depth cue," 
but objects-are normally quite well perceived and attained. Nevertheless, since per- 
‘ceptual and behavioral achievement is imperfect, “the traditional nomothetic search 
for strict laws becomes am insoluble task" (p. 28), and psychology should study 
| molar probability relations of a “central-distal” nature, assuming that "research 
should focus wherever behavior . . . may focus" (p. 25). We should eschew the 
‘admittedly more precise information concerning the simpler intervening (merely 
"mediating") processes with which psychologists have too frequently concerned 
‘themselves, To permit probabilistic vicarious functioning to manifest itself fully, 
we must achieve situational representativeness, since “the study of functional or- 
Binism-envitonment relationships . . . require(s) that . . . focal events and other situa- 
tional circumstances should be made to represent, by sampling or related devices, the 
tee conditions under which the organism has to function” (p. 30). Thus, represen- 
ative experimental design (analogous to representative random test sampling from 
a defined population of individuals) is to replace traditional systematic experimen- 
til design; generality of findings is to be increased by widening the samples of 
Situations investigated. 
> Surveying current theoretical approaches, Brunswik finds the above points emerg- 
‘ing in various areas of psychology (although some schools have become "en- 
Capsulated” in “microscopic” or "mediational" problems). His analysis is cogent and 
thought-provoking, despite a tendency toward oversimplification of schools to fit 
t icu Schema, but this reader feels some misgiving concerning how much 
(it ds survey is relatively atheoretical methodology and how much is substantive 
i implicit) theory. The answers a science gets depends upon the questions asked, 
E as to whatand how to ask deserve careful scrutiny. j 
bii Eur was defined as inter- and intra-individual observational relia- 
teli Bs. only "point-coincidences" and the "language of things" are presumably 
Eo Should this not be an empirical question rather than an a priori 
Miei d pue qualities of experience may yet prove no more variable, Brunswik 
m a a definition of “objectivity” eed not reject introspection and (ex- 
i ice jie basic deficiencies” of introspection in general by the difficulties of 
thought : pl aa with the problem of imageless thought) shows us that 
acter" ( an : communicably described—albeit only by language of "artistic char- 
DRM Jet he considers all introspective data as non-communicable and 
(2) E helpless solitude of the observer” (p. 4). e 4 din 
ionships ET tells us that attention to probabilistic molar central-dis re- 
ain e insure relevance and generality of conclusions; this would seem 
Between d © assumptions. The first is that there is no one-to-one correspondence 
(8 s ties and the proximal stimuli as subjected to any system of analy- 
analysis DORUM is not so all-encompassing, and the search for units of stimulus- 
3, Sten ich do correspond with experience is by no means abandoned (e Gib- 
ens). Brunswik rejects the traditional constancy hypothesis, but does not 


i 
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offer any replacements for the traditional analytic units with which it was inte 
twined; not surprisingly, some ambiguity remains, to which he grants clear title t 
all Psychology. The second assumption would seem to be that we cannot under 
stand "molar" phenomena by way of the part-processes; this is a not-unfamilia 
position, but, again, not an atheoretical, neutrally representative one, 

(3) Representative experimental design (i.e. "ecological sampling” of stimulus 
objects) will assure testing normal (and hence most generalizable) adjustive func 
tioning; the logic is Presumably the same when applied to generalization abou 
Populations of stimulus-situations as when applied to generalization about populi 
tions of organisms. Brunswik feels that he is dealing with a general methodological 
principle, citing Hammond (Phil. Sci, 18, 1951, 211) who considers Brunswik’s 
"theory of experimental design . . . to be congruent with Einstein's Theory of 
Relativity and 20th-century physics. Brunswik . . . and Einstein . . . appear 
emphasize the same point, €g., definition of the conditions of application of 
sults is equally as important as definition of the conditions of achievement of te. 
sults,” ! 

Is it here implied that with representative experimental design physicists would 
have known earlier that Newton's laws do not fit? Actually, of course, neithet 
Einstein's nor Newton's laws are Particularly derivable from ecologically represen 
tative situations. Physics, as all science, is abstractive, seeking special observational 
conditions; the corroborative Einsteinian data are drawn from such un 
tive" stimuli as discrepancies in Mercury's orbit, Brunswik probably has a particular 
bsychological theory which makes such sampling procedures reasonable, and which 
can stand on its own feet; for example, representative sampling would improve 
the generality of data if Organisms mirrored their environments, if whatever had 
a high probability of being associated in nature had a high probability of being 
“associated in” the psychological processes of the organism (an hypothesis with 
considerable historical Precedent, surely explicit in the probabilistic empiricism of 
Hume and in Hartley's frequency-based associationism, but xo? a, neutral, represen 


tative methodological principle). 

In short, this is an intriguing overview of psychological concepts and method: 
ology from a strong, consistent (and hence necessarily selective and biased) theo: 
tetical position, and will serve as an excellent introduction to Brunswik's viewpoint 


for those with an adequate Psychological background. 
Cornell University JULIAN HOCHBERG 


Psychoanalysis and Personality. By Josepn NurTIN, Translated by GzorcE LANP 
New York, Sheed and Ward, 1953. Pp. xiv, 310. af 
The author, Father Nuttin, is a professor at the Catholic University of br | 
His orientation is, however, in no sense exclusively European, and he is thorough? | 
familiar with virtually all of the relevant contemporary American literature, e | 
wih the works of J. G. Miller, N. E, Miller, Dollard, Rogers, Soyder, Al ne 
Seats, Sheldon, Kinsey, and so forth. The book is divided imo two E EA 
Survey and criticism of orthodox Freudian psychoanalysis, and a presentation 0 ler's 
author's own ‘dynamic’ theory of Personality. It also contains an outline of A 
indivi€ual Psychology, and an annotated bibliography of more than 125 titles. dj 
Professor Nuttin's criticisms of Freudian theory are largely of the sort Bi 
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familiar to most psychologists, Thus Nuttin, like the neo-Freudians, argues against 
Freud’s pan-sexualism (especially as illustrated by his extreme applications of the 
concept of sublimation), his excessive stress on infantile experiences as determining 
adult character and behavior, his over-emphasis on instinctive as contrasted with 
cultural factors, and so on. The author also contends that much of modern psychology 
is oriented far too strongly toward the abnormal; that it is too prone to interpret 
the statistically normal in terms of the clinical—witness Freud's identification of 
religion with an obsessional neurosis “mitigated by being so common" (p. 170); 
that it is too apt to expand concepts derived from clinical investigation into a gen- 
eral philosophy of human life. 

Father Nuttin’s own theory of personality is of the dynamic type in that it lays 
as much stress as possible upon motivational factors, at least as much as is con- 
sistent with the “rehabilitation of the cognitive functions in the psychology of 
human needs" (p. 161). It is, however, avowedly a theory meant to satisfy the 
"spiritually minded psychologist,” the psychologist who "is convinced that the 
so-called ‘higher’ or specifically buman elements in the psychic activity of man are 
not to be reduced to the ‘lower’ levels of behavior" (p. 38). To this end Nuttin 
makes throughout a sharp division between animal and human, between motiva- 
tion through merely biological drives and through such dynamisms as “the drive 
to self-realization” and "a drive toward a certain self-transcendence to go beyond 
the merely spontaneous development of the biological process of growth" (p. 172). 

In spite of his objections to many of Freud's conclusions, Father Nuttin explicitly 
States that “it is not by rejecting psychoanalytic doctrine but by making up for its 
deficiencies in a positive way” that we may create a fuller picture of human person- 
ality (p. 254), His aim is largely to effect a synthesis of the much that is left in 
Psychoanalysis after his excisions and the convictions of a psychologist to whom 
moral and spiritual values have the status of imperatives. In trying to achieve this 
Union, he probably has succeeded as well as the inherent difficulties of the task 
Permit, His work is free from dogmatism, and arguments are presented with fairness 
as well as with much expository skill. The book can be recommended highly to all 


those who share the author's necessary premises. 
New York University LELAND W. CRAFTS 


Hypnotism, By ANDRE M. WeEITZENHOFFER. New York, John Wiley and Sons, 
1953. Pp, xvi, 380. 
Ries book is intended to separate myth from actuality and fact from unfounded 
e in the field of hypnotism, In the process Weitzenhoffer makes reference to 
Be Studies. The text consists of three main parts: orientation, experimental 
Ree and theory. Each chapter in the first two parts includes a sutvey of 
On eee with an evaluation by the author and a concise summary. — 
a defi 2e positive side Weitzenhoffer makes the following important contributions: 
CORRA of terms, a description of the different kinds of suggestion, a clear 
that E of the fact that present-day tests of hypnotic depth assume to begin with 
is hypnotized, and the separation of data obtained from experiments with 
Be ber se from experiments which make use of suggestion in hypnosis. Many 
the older studies are reported but taken with a “grain of salt,” as the author 
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points out, because of faulty experimental designs. The clinician will find ‘many 
valuable leads in the book, e.g. the discussion of susceptibility to hypnosis of 
normal, neurotic, and psychotic individuals. Weitzenhoffer points out that most 
theories have assumed a simple cause-and-effect relationship, He proposes a 
multiple-factor theory whose key concepts are ideomotor activity, homoactive and 
heteroactive suggestibility, dissociation of awareness, and abstract conditioning, 
Criticism tends to be of minor points. In certain ateas interpretation of fact and 
fact itself are sometimes open to question. One may also be concerned that the 
theory proposed accounts better for experimental than for clinical data although 
the latter are by no means excluded. The author, although distinguishing among 
different types of regression, is not always clear as to whether he is using his own 
concept or that of the study under scrutiny. At times the ramifications of the authors 
theory and the maze of reduction sentences are so confusing that one is not always 
certain whether reader or author has lost the trend of argument. In sum, Mt. 
Weitzenhoffer is to be congratulated on writing a book which deals so adequately 
with the involved experimental and theoretical facts of hypnosis. He has sharply 
delineated many problems which previously had been ambiguous and obscure. It 
is the reviewer's opinion that the book is well worth the reading and can profitably, 
be used as a graduate text in the field of hypnosis, 
State College of Washington 
F. L. MARCUSE 


Murder, Madness and the Law, By Louis H. Conen. Cleveland and New York, 
World Publishing Co., 1952, Pp. 173. 

The author of this book is a psychiatrist of long standing who has taught bn 
chiatry in the medical schools of the University of Illinois and Yale University, 
has been a clinical director in various State Hospitals, and at present is in privile 
Practice specializing in psychiatric problems of law. The purpose of the book ie 
show the differences in the points of view of jurist and psychiatrist in dealing with 
the psychotic individual who has committed murder. The author tries to show how 
legal standards can be set up that will resolve these differences and lead to more 
humane and just treatment of the offender. 

The method is to recount a number of actual cases, to describe the behavior of the 
Suspected psychotic person both prior to and subsequent to the performance of 
murder, and then to follow the case through the courts. In this way the author deal 
with schizophrenia, malingering, temporary insanity, extreme frustration, and 9 
forth. He does not approve of the concept of temporary insanity, and he ue a 
think that a person who fakes insanity can mislead a competent clinical psychiatrist 

Not all psychiatrists are good witnesses; the best is the clinical psychologist 
wide and continuous experience in diagnosis. The administrator who has lost con 
with individual cases, the psychoanalyst who works with the neurotic rather kes 
the psychotic, and the general psychologist do not make good witnesses, The clinica 
Psychologist may contribute by interpreting tests and measurements of the defendants 
personality and intellectual functions, The social worker and, where there is evidence 
of physiological disorder, the neurologist may also be of assistance. The 

The author writes clearly, logically, and without rancor against the courts. 
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insanity are bad, and until they are improved the best solution is to 
ue of insanity before the psychotic is brought to trial. With good will, 
between the courts and the psychiatrist may be solved, Everyone who 
its problems can read the book with profit. 


versity H. P. WELD 


a Brain, By W. Ross AsHBy. New York, John Wiley and Sons, 1952. 


york the author seeks "to deduce from the observed facts what sort of 
it must be . . . that produces adaptive behavior.” Although empirical 
luded to occasionally, the method is primarily postulational. 
Conception about which the system revolves is the 'principle of ultra- 
hich, stated formally, reads: "an ultrastable system acts selectively towards 
fhe main variables, rejecting those that'lead the representative point to 
al state but retaining those that do not.” Behind this notion lies the simpler 
(“stable field.’ A stable field exists when a certain variable under scrutiny 
erature under the control of a thermostat) stays within limits set by the 
in the case of a stable system, the variable is forced outside the essential 
stability of the system often breaks down (e.g. Weiner's example of the 
steel mill). Under such conditions an ultrastable system will undergo 
Of field, j.e. certain parameters of the system will vary until a stable field 
The crucial facts about these changes in parameter are that they only 
| the main variables go beyond essential limits and that the changes are 
m of step-functions. Ashby uses for illustrating this property à device of 
(the Homeostat) . 
author claims to seek the sort of mechanism that must underlie adaptive 
like other black-box theorists he seems more concerned with the sufficiency 
ory than with its necessity. The unintelligibility of the definition of 
ity’ given above illustrates one of the principal difficulties of the book. 
forced to learn a new language before he can follow the arguments. 
development of such a new language is often a prerequisite to scientific 
loes not appear to have yielded sufficient clarity to be justified in this 


JOHN KRAUSKOPF 


Wal for Psychiatric Case Study. By KARL A. MENNINGER. New York, 
| Stratton, 1952. Pp. xii, 355. f 


al examination, to realize the inability of some P: 
e, and meaningful description of a particular patient. Though pu 
manual has been written primarily for the doctor entering the field of 
‘many of his criticisms apply equally well to the clinical psychologist. 
ly pertinent are the author's comments in Part II on the writing of 


feports and papers: “If he is to write clearly and accurately, then, the psy- 


c 
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chiatrist must be aware of the inferential and hypothetical nature of many psycl 
concepts and must distinguish clearly between his observations and the C 
he draws from them... verbosity and technical jargon in Psychiatric reports are | 
quently symptoms of unclear thinking or of insufficient attempts to compensate 
his own lack of knowledge by indiscriminately flooding the page with words, in 
hope that a few of them will hit the mark" (p. 163). 

Over half the book is devoted to actual case-reports illustrating the proced 


for collection of information and writing of the report, The material is int 


but one report might have served as well as four, The objective of the case-hi 
as the author states, 


is to indicate and justify a specific therapeutic program, yel 
nowhere do we see the connection between many of the data collected and thé 
recommended therapeutic programs. One can become all too preoccupied with 
collecting" A useful addition to the text is the appendix on the psychiatric no 
Clature of the American Psychiatric Association and the Veterans Administratie 
a list of personality types, and adjunctive therapy modalities. A copy of a 
commitment-law, drawn up by the Federal Security Agency of the United § 
Public Health Service, also is provided. 


University of Texas PuiLIP WORCHEL 


Basic Psychiatry. By EDWARD A. STRECKER. New York, Random House, 1952; 
473, 


book of this kind. After a survey of “approxi- 
>” the authors selected 53, because of “sound 


y 
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writing and concrete contribution,” for inclusion in this book. The articles are classi- 
fied in eleven groups: (1) Motivation and morale, (2) Training in industry, (3) 
Analysis and evaluation of job performance, (4) Psychological tests, (5) Interview- 
ing and counseling, (6) Accidents and safety, (7) Fatigue and worker efficiency, 
(8) Market research, (9) Industrial leadership, (10) Industrial relations, and (11) 
Psychologists in industry. The articles range from the purely arm-chair type to factual 
reports of carefully controlled studies. Each is directly reprinted and introduced with 
a four- or five-line summary by the editors. Although 53 other equally good articles 
could have been chosen, those selected are indeed representative, which is all that the 
editors claim. It might have been possible, however, by judicious condensation, to 
double the number of articles in the space allotted. Nevertheless, this book of read- 
ings should prove to be very useful, especially on the undergraduate level. 
University of Georgia J. STANLEY GRAY 


Psychoanalysis as Science. By E. PUMPIAN-MINDLIN, ERNEST R. HILGARD, and 
LAWRENCE S. KUBIE. Stanford University Press, 1952. Pp. x, 174. 

The Hixon Lectures on the scientific status of psychoanalysis delivered at the 
California Institute of Technology in 1950 are reproduced in this book. Kubie centers 
his discussion on the way in which the psychoanalytic interpretation is presumed to 
function in producing behavior change, pointing to the obstacles that must be over- 


dealt with before, psychoanalytic concepts can become a 
fied propositions concerning human motivation an 
predictable changes in behavior. 


University of Texas Ropert R. BLAKE 


Manic Depressive Psychosis. By LEOPOLD BELLAK. New York, Grune & Stratton, 
1952. Pp. xii, 472. 

Here is a systematic summary of the literature (about 1200 references) on the 
manic-depressive syndrome and related disorders, a companion volume to the au- 
thor's earlier work on schizophrenia. Bellak's theoretical approach to the two 
Psychoses is very much the same, but the volume at band is presented only as à 
review of the literature and the author usually offers no judgment concerning the 
validity of the materials included. In the preface Bellak suggest the need for a central 
agency which would help to administer and to coórdinate statistical research on psy- 
chiatric problems. He also offers the opinion that much work and much journal- 
SPace are wasted as a result of the physician's lack of experimental sophistication. 

College of Medicine Fro Jack MQORE. 


Baylor University 
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The Story of the Adaptation Syndrome. By HAns SELYE, Montreal, Acta, 1952, 
Pp. 225, : 


Second Annual Report on Stress, By HANs SELYE and ALEXANDER HORAVA; 


a guide to more than 4,000 recent papers. 


Essentials in Interviewing, By ANNE F. FENLASON. New York, Harper, 1952. 
Pp. xi, 352. 


can only agree, however, with Miss Fenlason's own evaluation of the originality of. 
her contribution, She quotes Montaigne in Saying that "I have here only made a 


To his well known treatment of learning, Guthrie has added four chapters—one 
on the "pluralistic theories" of Tolman and Maier, a second on reinforcement theory 
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A VALIDATION STUDY OF RATIO-JUDGMENT METHODS 


By J. P. GUILFORD and HARVEY F. DINGMAN, 
University of Southern California 


In recent years we have seen an increasing utilization of the fraction- 
ation method, and its reverse companion the multiple-stimulus method, in 
psychological-scaling studies, In the former, the observer, O, finds what 
he believes to be a stimulus giving a psychological impression of a defined 
nature that is some fraction of that given by a standard stimulus, the 
fraction usually being ¥%, but also sometimes 1/4, 1/5, and so on, down 
to 1/100. In the multiple-stimulus method the ratios are reciprocals of 
such fractions; O finds a stimulus that gives an impression X times as 
great as that given by the standard stimulus. 

In both methods the assumption is made that O can report faithfully 
on ratios of stimulus-effects and that the values on the psychological 
scale resulting from such judgments are ratio-scale values, as defined by 
Stevens.t This assumption has been tested to some extent by experiments 
on the internal consistency of results from the fractionation and multiple- 
stimulus methods? The findings have been generally reassuring, but in 
both of these methods the judgments have the common feature of O's 
looking for a stimulus to fulfill a specified fraction or multiple. The test 
is therefore not as general as it might be. Using results from such sources 
can still be questioned. Since psychological conclusions of considerable 
importance are based on such results, we would do well to make further 
examination of the methodology. ds 

There is another psychophysical method that utilizes ratio-judgments 


* Accepted for publication August 10, 1953. 
an S. Stevens, ‘On the pee scales of measurement, Science, 103, 1946, 677- 


2 
For example, R. M. Hi A scale of subjective brightness. J. Exper. Ryychal., i 
39, 1949, 438-452; The CoU IURE of brightness scales from fractionation-data: 


A validation, idem., 719-728. 
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in a different manner, This is Metfessel’s constant-sum method.? In this 
method O observes two or more stimuli in conjunction and essentially 
makes a report concerning the ratio that he believes exists psychologically 
between them. If stimuli A and B are presented and O divides 100 points 
in the proportions 80 and 20, tespectively, he is telling us that to him 
the impression of A is four times that of B, also that the impression of B 
is 14 that of A, 

Our first interest in this study was to see whether the constant-sum 
method leads to the same scaling of stimuli as the fractionation-method, 
We were also interested in discovering more facts concerning the per- 
formance of the constant-sum method, since there is almost no publica- 
tion concerning its validity or utility. We have applied the constant-sum 
method in two ways, one in which O judges two stimuli at a time and one 
in which O judges five stimuli at a time. We have also applied the method 
at somewhat different stimulus-levels, We were also concerned with the 
type of psychophysical law for lifted-weights that would be indicated 
by the results from both the fractionation- and constant-sum methods; 
whether all ratio-judgment methods lead to the same psychophysical law 
and whether this law is in agreement with previous findings regardless 
of method, 

EXPERIMENTAL PROCEDURES 
Five experiments were performed, one in which the fractionation-method was used 


and four in which the constant-sum method was used. The conditions can be de- 
scribed briefly. 

In four experiments 10 standard weights were used, their values being 40, 100, 
150, 200, and 300 gm. in a ‘small’ set and 300, 550, 900, 1400, arid 2000 gm. in a 
‘large’ set. It was not Possible to vary weights from 40 to 2000 gm. in containers of 
the same size. The containers were metal, cylindrical, ointment boxes. Those in the 
small set were 5.0 cm, in diameter and 1.7 cm. deep. Those in the large set were 
10.5 cm. in diameter and 6.7 cm. deep. We were able to check on comparability 
of results from the weights of two sizes. The results seemed always to fall in line. 
Only weights within a set, large or small, were compared by O, thus avoiding the 
size-weight illusion, it would seem, It is our opinion, however, that this illusion is 
due for further investigation in lifted-weight experiments. It will be noticed that the 
heaviest weight in the small series was identical in weight with the lightest weight 


in the large series. This enabled us to bridge the gap between the two in treating 
the results. 


Experiment 1. In Experiment 1, O was to select a weight in a comparison series 


*M. Metfessel, A pro osal for quantitati i ive judgments, 
J. Poy bol, 24, 1947, oes quantitative reporting of comparative judg 
ven in a single set of constant Size, the average densities of stimuli vary and 
the general level of density within a set may be an unnatural one for O. The possible 
effect of density on judgments of weights has been generally overlooked. 
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that seemed to him to be one-half as heavy as each standard. Instead of providing 
six comparison weights for each standard, as has been common practice, we presented 
one long, continuous series of comparison weights for use with all five of the 
weights in each set. The small comparison weights were: 20, 24, 28, 34, 40, 50, 63, 
78, 100, 110, 120, 139, 150, 165, 175, 185, and 200 gm. The large comparison 
weights were: 150, 165, 175, 185, 200, 210, 245, 300, 350, 410, 475, 550, 630, 700, 
790, 900, 1000, 1125, 1250, 1400, and 1550 gm. Thus, both the standard sets and 
the comparison sets were very roughly in geometric series, 

Each of 20 Os (graduate students in psychology) found a comparison weight 
that seemed to him to be half that of each standard weight. Half of the Os started 
with the lightest standard and half with the heaviest in each set and worked serially 
through the set. Half of the Os judged the large set first and half the small set. 
We therefore have 20 judgments of Sa (the half-stimulus) corresponding to each 
standard $,. For a single value for the half-stimulus we obtained a geometric median 
of the 20 judgments with that standard. Since further computations with the data 
were to be in terms of logarithms of Ss and S», it was regarded as most appropriate 
to average log S. Since in these small-sample distributions there was considerable 
irregularity, particularly in the form of lone extreme values, the median was pre- 
ferred to the mean. 


Experiment 2. In Experiment 2, the standard stimulus-weights were presented 
to O in all possible pairs within each set. For each pair O was instructed to divide 
100 points between the two stimulus-weights. Each of 20 Os judged every pair 
once, Thus, in effect, 2000 points were divided between members of every pair, 
from which a ratio could be calculated. The inter-pair ratios were treated by pro- 
cedures described by Comrey" in order to arrive at a single set of ratio-scale values 
for the stimulus-weights within each set.’ The two sets of scale-values were converted 
to a common unit by using the fact that the stimulus-weight of 300 gm. appeared 
in both sets. 


Experiment 3% In Experiment 3 all five stimulus-weights in each set of standards 
were presented simultaneously and O was to divide 100 points among the five. The 
total numbers of points assigned to the respective weights by 20 Os can be taken to 
represent ratio-values, which can be adjusted to any arbitrary unit by simple multi- 
plication. The common stimulus-weight in the two sets was US Eorum 
also, as a means of deriving a common unit, The unit adopted in these experiments 
will be explained later. 


Experiment 4. In Experiment 4, we used the same two sets of standard weights 
in connection with two parallel sets of half-weights corresponding to them as 
determined by Experiment 1. The half-weights directly estimated from the judgments 
of Experiment 1 were actually not used. The half-weights used were estimated from 
the linear function relating log Sa and Se (Equation [1]). This relationship E 


i *R. S. Harper and S. S. Stevens, A psychological scale of weight and a formula 

Or its derivation, this JOURNAL, 61, 1948, 343-351. —. ika, 15, 1950 

BS L. Comrey, A proposed method for absolute scaling, Psychometrika, 15, "um 
-325. . 


f For descriptions of computing procedures used in this article, see the senior 
author's Psychometric Methods, 2nd ed., 1954, Ch. 9. 
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shown graphically in Fig. 1. The values of the half-weights used may be seen in 
Table V. In Experiment 4, each half-weight, Si’, so determined, was paired with its 
corresponding $, for constant-sum judgments. O was to divide 100 points between 
the two stimulus-weights. The object was to see whether for each pair and for pairs 
in general the average value would be 2.0 for the ratio $,/5y'. 


Experiment 5. In Experiment 5, only the half-weights (see Table V) were used, 
They were presented in all possible pairs, as the standards were in Experiment 2, 
for judgments by the constant-sum method. The object was to see whether the 
same inter-stimulus ratios would be obtained as in Experiment 2, and whether when 


scaled to the same unit, the Psychological values would be one-half those found ' 


in Experiment 2. The results also Provided one additional opportunity to examine 
the psychophysical relationship between psychological and physical weight values, and 
to see whether all the methods lead to the same relationship. 


RESULTS 


Experiment 1. The first objective in connection with the data from 
Expetiment 1 was to relate the experimentally determined half-stimulus 


TABLE I 


TEN STANDARD STIMULUS WEIGHTS AND THE Geometric Mepran or WErcHTs 
Jupozp ro Equar Oxz-Harr or Each STANDARD 


Median weight judged 


Standard weight half as heavy zs 
standard weight 
(S) (Si) 
$ 49 23.3 
100 51.6 
150 83.3 
E 200 119.9 
300 165.0 
i 5 300 173.2 
550 324.0 
$ 900 543.0 
1400 801.9 
2000 1134.0 


values to the standard stimulus-values, These data are shown in Table I. 
Logarithms of both S, and S, were obtained, Fig. 1 shows the plot of 
Sy as a function of S, on log-log Paper. The regression is definitely linear 


and the data from the two sets fall very nicely into line. A least-square 
solution yielded the equation 


log S, = 1.0105 log S, — .2699. 


The goodness of fit of this linear relationship is indicated by a product- 
moment correlation of 0.999, 


The second objective was to derive a functional relationship between 
^ psychological-weight scale and the physical-weight scale. In a similar 
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experiment, Harper and Stevens? found that the relationship called for 
the equation 


log V = 14.58 log (1 + log $) — 694, ..-...-- I2] 


where V — psychological weight in a unit called the ‘veg, and $= 
physical weight in grams. The veg-unit was arbitrarily defined as the 
psychological quantity that corresponds to 100 gm. 

To test the applicability of the Harper-Stevens equation to our data, 


100 
++ LARGE SET 


© SMALL SET 


10 100 “1000 GRAMS 
Standard weight Ss 
oF HALF-WEIGHTS 


Fig, 1. RELATIONSHIP OF THE MEDIANS OF THE LOGARITHMS 
FOR BoTH 


Sh TO THE LOGARITHMS OF THE STANDARD WEIGHTS Sz, 
LARGE AND SMALL SETS 


it is necessary, first, to achieve the psychological scaling of the weights 
in vegs, We have as a starting point the fact that a stimulus-weight of 
100 gm. corresponds to the psychological quantity of one veg. We also 
have the equation relating Sa to Sy. Working both ways from 100 gm., 
We found the stimulus-weights corresponding to 0.5, 0.25, and 0.125 
vegs, in the one direction, and to 2, 4, 8, 16, 32, and 64 vegs, in the other 
direction. The results are shown in Table II. x A 


* 


* Op. cit, 346. 
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Having derived 10 pairs of veg- and gram-values covering the range | 

of the experimental weights, we attempted to find the best-fitting equa- 

tion of the Harper-Stevens type. A plot of log V against log (1 + log $ X 

however, showed definitely a nonlinear relationship. On the other hand, 

an essentially linear relationship was found when log V was plotted 


TABLE II 


DETERMINATION or CORRESPONDING PsycHorocicAL WEIGHTS IN Vecs AND PHYSICAL 
Wecuts IN Grams, USING THE ReraTIoNsHIP: Loc S) = 1.0105 LOG S, —.2699 
(FROM EXPERIMENT 1) 


V (vegs) log S S (gm.) ` 


4 
+125 1.2454 17.6 bh. 
-25 1.4996 31.6 
5 1.7511 56.4 

1 2.0000 100.0 
2 2.2463 176.5 
4 2.4900 309.0 
8 2.7312 538.5 
16 2.9699 933.1 
32 3.2061 1607 

64 3.4399 2754 


against log S. By the method of successive differences we found the equa- 
tion 
log V = 12346 log $— 2.4692 .............. [3] 


with the second constant in this equation adjusted so that the curve 
Passes through the point (2, 0). Taking antilogarithms, we have the 
equation relating V to S, which reads 


(cmi OL LT [3a] 


i Experiment 2. Table III shows the psychological ratios of the weights 
in each set to the lightest weight in the set, Letting the stimulus-weight of 
100 gm. correspond to the psychological unit of one veg, we have the 
five veg values for the small set given in the third column. Since the 
number of vegs corresponding to 300 gm. is 3.854, we multiply each 
ratio in the list for the large set by this constant to obtain corresponding 
vegs for the stimulus weights in that set. This is a somewhat risky procedure, 
since an experimental error in the scaling of the 300-gm. weight in the 
small set would be reflected in all the scale values in the large set. A 
check that was made on this, however, indicates no appreciable error. 
The scale values for the large set range from 3.854 to 33.847 Ness 

A plot of log V against log S again showed a linear regression. It also 
reveals no systematic discrepancy between small-set values and large-sct 
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values, which is the check referred to above. A least-square solution based 
on nine pairs of observations (we lose one degree of freedom in using 
the ratio for 300 gm. to establish equal units in the two sets) gives the 
equation® 


log V = 11177 log $— 2.1996. .......-.--- [4 


Transformed into power form, the relationship of V to $ is stated by the 
equation 


V = .00632 SHT, 22.2.2... ERR TEE ws. [4a] 
The index of correlation is 0.998. The fact that the same type of equation 


TABLE III 


Sranparp Weicuts, PsvycHOLOGICAL RATIOS, AND PsvcHOLOGICAL WEIGHTS IN 
Vecs DERIVED FROM JUDGMENTS BY THE CONSTANTAUM 
METHOD IN EXPERIMENTS 2 AND 3 


Experiment 2 Experiment 3 
Stimulus Casement by twos) (Judgment by fives) 
weight 

Ratio Vegs Ratio Vegs 
40 1.000 «452 1.000 485 
100 2.212 1.000 2.060 1.000 
150 3.526 1.594 3.683 1.788 
290. 4.905 2.217 5.989 2.907 
300 8.524 3.854 9.126 4.430 
300 1.000 3.854 1.000 4.430 
350 1.794 6.916 1.972 8.736 
990 3.202 12.341 3.687 16.333 
Moo 5-457 21.031 6.335 28.065 
2000 ^ 8.780 33-837 9-352 41.407 


applies to the relation of V to S in both Experiments 1 aub 2 ge - 
indication that the fractionation and constant-sum methods achieve similar 
scaling results and the same general psychophysical law for lifted-weights. 


Experiment 3. The essential results of Experiment 3 are given in the 
last two columns of Table III. The ratios within the two sets bear some 
tesemblance to those derived from Experiment 2, but the range is some- 
what greater. When transformed to the veg scale, the difference in range 
seems even greater. The two series of veg estimates bear a linear relation- 
ship when plotted, which indicates that the difference is merely one of 


minor adjustment 
that the function 
e the in- 
constant 


“In this equation, and in those from Experiments 5 and 5,a 
Would need to be made in the second constant in order to assure 
Passes through the points (2, 0) on the logarithmic scale, thus, o 25 
tended unit on the psychological scale. To meet this requirement, the secon 
Must equal (—2) times the first. 
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unit, The unit in either experiment depends upon one experimental value— 
the ratio-value determined for the 100-gm. weight. If there is an experi- 
mental error in this value, the unit is in error for the entire experiment, 
Linear transformation may be commonly needed in order to equate units 
for scale-values from different experiments, 

. The relationship of V to S indicated in the results of Experiment 3 
is similar to those found in Experiments 1 and 2. A least-square solution ` 
based on nine pairs of observations gives the equation | 


lg V —1.1760 log § — 2.2695, ............ [5] | 
or in power form, 4 
SOE CRs A M [5a] | 


The index of correlation is 0.998. 


Experiment 4. Experiment 4 is a crucial one for the cross validation of 
the methods of fractionation and constant sum, It may be remembered that 


TABLE IV 
Rzsurrs or Junono SrANpARD WziGHT S, AnD Irs Mosr Prosasre HarzWrrcnuT. 
S, 1N Pars nv THE Constant-sum METHOD, IN EXPERIMENT 4 
Standard Mean of Ratio of 
weight points psychological 
(in ey) assigned $ correlates of 
S, and Sa 
40 34.80 0.77 1.87 
100 33.05 0.13 2.03 
140 34.40 0.61 1.91 
n 33.05 0.16 2.02 
300 30.15 1.99 2.32 
300 36.15 1.40 1.77 
Mas PE 0.61 1.88 
oa 33.30 0.01 2.00 
33.40 0.04 1.99 
eo 30.55 1.24 2.27 
All stimuli 33.36 0.01 2.00 


in this experiment O was presented with 10 pairs of stimulus-weights to 


be judged by the constant-sum method. Each pair was composed of à 
standard weight $, and its most probable half-weight S, determined from 
the results of Experiment 1, in which the. fractionation method had been 
used to derive the equation relating $, to $,' i 
The mean number of Points assigned to S, for each standard 5, is shown 
in the second column of Table IV. To Satisfy the prediction, each mean 
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a mean for all stimuli equal to 33.36. A /-test was made to see whether 
any of the means differed significantly from the expected mean of 33.33. 
The largest /, which was 1.99, is not significant at or beyond the 5-% 
level, We may therefore regard the hypothesis of agreement of ratios by 
the two methods as quite tenable for all stimuli. 

In the last column of Table IV we see that the psychological ratios for 
the pairs varied from 1.77 to 2.32, with an overall mean of 2.00, That this 
range can be regarded as due to chance is indicated by the result of an 
F-test applied to the 10 means of column 2, Table IV. This test was applied 
after determining that intercorrelations of judgments of pairs over the 
population of individual Os were generally close to zero. The F-ratio was 
0.91, where it requires an F of 1.98 for significance at the 5-9 point. 

Perhaps it is worth noting that the mean ratios for the small and large 
sets of stimuli were essentially the same, showing that the size of the 
weight containers, within the limits of those used, has no bearing upon 
the judgments of ratios of weights. Within each set, however, there seems 
to be a slight tendency for ratios for extreme stimulus-weights to be out 
of line, with the heaviest having the smallest ratios and the lightest having 
the largest ratios. Since the F-ratio was insignificant, too much should 
not be made of this apparent constant error, but it may be a lead for fur- 
ther investigation into the properties of ratio-judgments in the constant-sum 
method. 


Experiment 5. Still another test of consistency of scaling results was 
to use the half-weights predicted from standard weights on the basis of 
Equation [1] from Experiment 1. The expectation was that the ratios 
among the half-weights would be very similar to those among the stand- 
ards, and that the scale values in the same veg unit would be half as 
large as those for the standard weights. The half-weights were judged by 
the constant-sum method in every possible pair within each set. The ratios 
of all weights to the lightest in the set are given in the second ed 
of Table V. The best comparison to make is that between these ratios an 


those obtained by the same procedure for the standard weights, in Experi- 


ment 2. The latter ratios will be found in Table III. For the small set, 


the ratios in Experiments 2 and 5 are remarkably similar, the greatest 
ever, two of the ratios are 


discrepancy being 0.019. For the large set, how! 
in poor sip the largest discrepancy being 1.380. The reason for 
this is not clear. ; 3 

It is also of interest to see whether a s! 
will be found from the data in Experiment 


imilar * psychophysical equation 
5 as in other experiménts. 


. 
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Deriving ratios on a common scale for the two sets by using the one com- 
mon stimulus of 171.1 gm., and treating these ratios as psychological 
values, by a least-square solution relating these values to $,^ we find the 
equation 

log R, = 1.1121 [575-0 p AD P NM [6] 
The correlation was 0.996. 


We want an equation relating vegs to stimulus-values. R, is related 
to V by a constant ratio, or in the logarithmic equation by a constant incre- 


TABLE V 


Tue Mosr Prosasie Harr WEIGHTS, as DETERMINED BY EXPERIMENT 1, THEIR 
Psycronocicat Ratios AND PsYCHOLOGICAL Weicnts IN. Vics 


Ratio Ratio on Ratio of 
Stimulus within common Vegs vegs 

(Sy) sets scale (V) V/V. 

(R) (Re) 

22.3 1.000 1.000 .222 2.04 
56.4 2.213 2.213 -492 2.03 
85.1 3.528 3.528 .785 2.03 
113.6 4.907 4.907 1.092 2.03 
I7I.I 8.545 8.543 1.919 2,01 
171.1 1.000 8.543 1.919 2.01 
315.7 1.633 13.951 3.104 2.23 
519.2 3.212 27.440 6.104 2.02 
849.4 5.219 44.586 9.919 ee 
1164.0 10, 160 86.797 19.309 1.75 
M 2.03 


ment. Letting log $^ = 2.0 and solving the equation, we find that log Ry 
then equals 0.6527 and hence R, then equals 4.495. Thus, an R, of 4.495 
is equivalent to one veg. Or, we can say that R, = 4.495 V, or that log 
Re = log 4.495 + log V, or that log R, = 0.6527 + log V. Substituting 
this last expression in Equation [6] and simplifying, we have 


lgV = 1.1121 logS— 2.2041... [7] 
In power form, 
USS COLT AME [7a] 


The conversion of the obtained ratios in column 3 of Table V to vegs 
was done and the results are given in the fourth column. The ratios of the 
veg values of the standard stimuli (Experiment 2, Table III, column 3) 
to the veg values of the half-stimuli column 4, Table V) are given in the 
last column of Table V. All except three are very close to 2.00 and the 


average of the nine independent ratios is 2.03. 
. 
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DISCUSSION 


While considering the outcomes of the five experiments together, it is 
well for us to keep in mind the major problems of the investigation, First, 
we wished to determine whether the method of constant-sum would yield 
results consistent with the method of fractionation. Both methods call for 
ratio-judgments on O's part and treat the numerical data as if they are 
values on ratio-scales. The comparison of the two methods is of interest 
because in the former, O is presented with stimuli and he is to make a 
quantitative judgment of their ratios, while in the latter O is presented 
with a stimulus and a specified ratio that he is to fulfill by selecting an 
appropriate second stimulus. Secondly, we wished to determine whether 
different variations of the constant-sum method would yield consistent 
results with one another as well as with results from the fractionation- 
method. Thirdly, we wished to see what psychophysical law for lifted- 
weights would be found by means of ratio-judgment methods and whether 
the law found by Harper and Stevens would be verified. 

Scale values from different procedures. Several kinds of tests were made 
in the attempt to solve the problems mentioned in the preceding paragraph. 
Except for Experiments 2 and 3, there was no opportunity to determine 
directly whether the psychological scaling of selected stimuli yielded 
concordant scale values. Table III shows tatios and scale-values that are 
similar but are by no means identical, One list of each kind of values (ratios 
and scale-values in veg units) was derived from judgments of pairs of 
stimulus-weights and the other from judgments of five at a time, both by 
the constanfsum method. Thus, from this limited finding, it appears that 
the method of constant-sum may yield variations in scale-values depending 
upon the number of stimuli presented simultaneously. 

An indirect test of agreement between scale-values from different pro- 
cedures is provided by Experiment 5, in comparison with Experiment 2. 
The veg values found for the half-weights are generally close to half those 
for the standard weights. In both experiments, however, O judged pairs 
of stimuli, Thus we may conclude that for sets of stimuli at somewhat 
different levels on the stimulus-scale, the psychological scaling will be 
concordant when pairs of stimuli are judged in all sets. How divergent 
the sets may be in stimulus-level we cannot say. 

Psychophysical law from different procedures. We were able to apply 
More generally the test of whether the different procedures would lead to 
the same quantitative relationship between psychological and physical 


weight-values, The same type of equation was found from four of the 
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experiments, with similar parameters, It is worthy of note that the para- 
meters for the three equations derived from the constant-sum method are 
very similar but all three differ somewhat from those derived from the 
fractionation-method. Whether this systematic difference will hold up 
when the fractionation-method is applied in other experiments we cannot 
say. The most similar pair of equations come from Experiments 2 and 5, 
in which the constant-sum method with paired observations was employed. 
Again, we need additional examples to see whether this is a function of 
method. 

The psychophysical law for lifted-weights, The psychophysical law for 
lifted-weights as derived from ratio-judgments is clearly not the Fechner 
law. The exponent of $ being greater than 1.0, the curve even has positive 
acceleration rather than negative as in the Fechnerian law. The Harper- 
Stevens function was not verified by these results, even when the same 
psychophysical method was used. 

The power function obtained is what one would expect from the Guil- 
ford th-power law. The latter was originally stated as a generalized sub- 
stitute for Weber's law.?? The nth-power law in equation form reads 


where $ — the stimulus-value, A$ — some defined increment, and 7 — à 
Constant that was expected to vary between 0.5 (the Fullerton-Cattell 
square-root law) and 1.0 (the Weber law). If we integrate Equation [8], 
as Fechner integrated Weber's equation, we obtain an equation of the form 


R= C5" +a BUDO ODN) DOTEM [9] 


where R — quantitative value of a response, m = 1 — n, where z is the 
exponent in Equation [8], and a = the constant integration. 

Equation [9] calls for a constant term 4, which was not taken into 
account in the empirical equations fitted to the experimental data. In 
those equations we may say that it was assumed that a is zero. It is difficult 
to obtain an accurate estimate of this constant. In the functional relation 
of V to S we should expect a to be negative, for $ should have some 
Positive value when V is zero, Such is not the case in these lifted-weight 
data. Plots of V as a function of $ show that must be a positive quantity. 
In the various Experiments, 1, 2, 5, and 5, the best estimates we were able 
to make for a proved to be 0.013, 0.200, 0.200, and 0.100, respectively. 

Assuming these values of 4 and determining new equations, we find 


PERSP. Guilford, A generalized Psychophysical law, Psychol. Rev., 39, 1932, 73-85. 
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that the exponents of $ are slightly higher than those when a was assumed 
to be zero. Briefly, they are 1.26, 1.24, 1.29, and 1.22, respectively. The 
correlation coefficients are very slightly higher, suggesting improved fits 
to the data when a is given positive values. 

The finding of positive values for the constant 4 calls for reflection. 
This means that psychological weight is zero at some negative value of 
stimulus-weight. This point is important in connection with ratio-judg- 
ments, for psychological zero is presumably the anchor about which ratio- 
judgments are made, One possibility is that the weight of O's arm enters 
to some extent into his comparison of stimuli. The effective stimulus-weight 
would then be not 5, but $ plus some constant, assuming that the incre- 
ment provided by the weight of the arm is independent of S. This is à 
point that calls for further investigation, Another possibility is that in 
making ratio-judgments, as in making other kinds of judgments, the ref- 
erence point is not psychological zero but the adaptation-level. This also 
calls for investigation. 

The type of psychophysical law for lifted-weights revealed by these 
ratio-judgment methods is quite different from what we would be led to 
expect, The positively accelerated curve is in contradiction to the nega- 
tively accelerated curve of Fechner's law. There is evidence based on 
results from other psychophysical scaling methods that something like 
Fechner's law does apply to lifted-weights.** We are therefore led to 
question whether the type of psychophysical Jaw is a function of method. 
If this is the case, we may be forced to a more operational point of view 
than we shoald like, unless we can find ways of reconciling apparently 
discordant results. f: k 

The positive acceleration of the relation of V to $ is interesting from 
another aspect. Positive acceleration is indicated, of course, by the fact 
that the exponent of S is greater than unity. If the value of m in Equation 
[9] is greater than unity the value of the exponent n in Equation [8] is 
negative. This would mean that AS would be a decreasing function of $, 
which is unheard of in psychophysical research. $ M. 

The operational ier may account for this, as was Ec 
above, but there is an additional suggestion that can be m ade, 5; 
exponent of $ in the four equations is not very far from 1.0. This is the 


value of the exponent to be ex if O were to fall completely for the 


i i i :o-udgments of lifted weights 
stimulus-error. It may be that in making ratio-jucgm' dd 


O is disposed to depend upon his knowledge of weights. 


? For example, Guilford and Milton Cotzin, Judgment of difficulty 
tasks, this JoURNAL, 54, 1941, 38-52. 


ef simple 
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“experience in lifting weights in association with knowledge of ounces 
and pounds. It is conceivable that this knowledge may function more 
readily when tatio-judgments are called for than when comparative inter- 
val judgments are called for. If the stimulus-error is the responsible source 
of the near-linear relation of R to S in these experiments, however, it is 
difficult to understand why the function goes beyond what would be 
expected; why m is greater than 1.0. One would expect some compromise 
by which m would be short of 1.0, 

Consistency of ratio-judgments. Whatever the basis for making ratio- 
judgments in either the fractionation- or the constant-sum methods, our 
tesults show that there is much internal consistency. Weights that are 
characteristically selected to fulfill the ratio 0.5 in the fractionation-method 
are characteristically judged to bear the same ratio when O reports observed 
ratios by the constant-sum method, This was shown by Experiments 1 and 
4. We can say that weights, each psychologically half as heavy as a corre- 
sponding weight in another set, are generally judged to have the same 
mutual ratios as their corresponding weights of double psychological 
quantities. This was shown by Experiments 2 and 5. Consistency is not 
complete, but it is surprisingly good. We can also say that half-weights 
scale to half as many Vegs as standard weights, also shown by Experiments 
2 and 5. 

Evaluation of the methods, In terms of judging time and effort, the 
constant-sum method, either when pairs or quintets of stimuli are presented, 
is more economical than the fractionation-method. The derivation of scale 
values for particular stimuli is much more direct from constant-sum data 
than from fractionation-data, In fact, when all five stimuli were judged 


in the constant-sum method, the summed points served as immediate 
Sources of ratio-values, 


: Od promises to offer some problems of judgment 
that may be unique. The possible involvement with the stimulus-error has 
been mentioned. Examination of the data at different steps during the 
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derivation of ratios and veg-values, such as are presented in Tables III 
and V, shows some apparent biases that we do not have space to report ` 
here. The discrepancies between results when two versus five stimuli are 
presented for observation were cited in connection with the report of 
results for Experiment 3. There may be individual differences among the 
Os regarding the conceptions of what is meant by the instruction to divide 
100 points among Å stimuli and in the psychological operations thus 
generated. There seemed to be individual observer patterns of dividing 
points among five stimuli that carried over from the small to the large 
set, There seem to be other personal habits in assigning points. While the 
average ratios given for stimuli having the same actual psychological ratio 
of 2.0 in Experiment 4 were all close to 2.0, individual observer-ratios 
ranged all the way from 1.0 to 9.0. 

Thus, the use of ratio-judgments calls for a better background of knowl- 
edge concerning their properties and a better understanding of their limi- 
tations. A general question, in this connection, is what effect the adapta- 
tion-level has on ratio-judgments.!? We know that adaptation-level effects 
are common in connection with absolute and comparative judgments. 
When two or more stimuli are presented for ratio-judgments, are they 
affected in a manner that leads to a bias in the impression of their psy- 
chological ratio? These and other methodological problems concerning 
tatio-judgments in all ratio-methods need systematic investigation. 


SuMMARY AND CONCLUSIONS 

'The major,problems of this investigation had to do with psychophysical 
methods utilizing ratio-judgments; specifically, the fractionation-method 
and the constant-sum method, and some variations and applications of the 
latter. Will these methods yield concordant results in terms of psychological 
scale values and in terms of the psychophysical law? What is the kind of 
psychophysical law for lifted weights to which we are led by ratio-judg- 
ment methods? The answers to these problems were sought in five experi- 
ments with lifted weights. The major conclusions are: 

(1) The fractionation- and constant-sum methods gave completely con- 
cordant ratios when stimuli were judged in pairs and the ratio judged was 
2. 

(2) There is considerable agreement in ratios and scale-values obtained 


aa Harry Helson, Adaptation-level as frame of reference for prediction of psycho- 
sical data, this JOURNAL, 60, 1947, 1-29. . as " 
A are del to W. B. Michael and Andrew L. Comrey for critical reading 
of the manuscript, for which we accept full responsibility. s 
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“from different stimulus-levels and from different Variations of the con- 
` Stant-sum method. There were systematic differences, however, when two 


versus five stimuli were presented for judgment by the constant-sum 
method. 


(3) The same type of equation was indicated to describe the relation . 


of psychological weight to physical weight for the three ratio-method 
variations employed, in four experiments. 

(4) The psychophysical relationship for lifted weights seems to be a 
power function, where the psychological weight in vegs is proportional 
to the stimulus-magnitude raised to some power slightly greater than 1.0, 
The Fechner and the Harper-Stevens laws were not supported by these 
ratio-judgment data. The type of relationship found, however, may be a 
function of the kind of psychophysical method used, 


THE RELATION OF PERCEIVED SIZE TO PERCEIVED DISTANCE 


By Howarp E. GRUBER, University of Colorado 


Psychologists have long been concerned with the fact that the perceived 
size of an object remains approximately the same even though its retinal 
image shrinks as distance increases. Much research devoted to the study 
of size-constancy may be summarized as follows: conditions of observation 
which may be presumed or demonstrated to impair distance-perception 
likewise reduce size-constancy; and, as the proximal stimulus-correlates 
of physical distance from O are eliminated, the distinction between 
phenomenal size and angular or perspective size vanishes. These demon- 
strated effects upon perceived size of variations in the stimulus-correlates 
of physical distance have been widely taken to signify a causal relationship 
in which perceived size depends on perceived distance. 

In studying the correlation between the perceptions of size and distance, 
attention must be given to the kind of distance-judgments called for. 
Investigators of size-constancy have frequently relied on information 
concerning the many variables of stimulation which are useful in the 
discrimination of distance. This is not surprising since most of the quantita- 
tive research on the perception of distance deals with the ability to dis- 
ctiminate small differences in distance. If the perceived size of an object 
depends one perceived distance, it must depend, however, on the total 
distance from O to the object—which is often very large in comparison 
with the distance between the object and its neighbors. Precise mechanisms 
for the discrimination of distance may lead to the correct localization of 
an object with respect to some neighboring object or point on à surface, 
but this does not tell us just what impression of distance O has. How fat 
away does the object seem to him? If two objects are being compared, as 


in the typical size-constancy experiment, does the nearer seem one-half 
1? The perception of the relative 


or one-third as far from him as the farthe 
epend on the effect of such 


Size of objects at different distances must d 


distance ratios. Perhaps the distance-ratios or some proximal stimulus- 


* Accepted for publication July 26, 1953. From a dissertation submitted to the 
department of PS of Cua ‘University. Directed by Professor T. A. Ryan. 

B. E. Holaday, Die Gróssenkonstanz der Sehdinge bei Variation der inneren 
Und äusseren Wahrnehmungsbedingungen, Arch. f. d. ges. Psychol., 88, 1933, 
419-486; A. H. Holway and E. G. Boring, Determinants of apparent Visual size 
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412 GRUBER ; 
correlate of it influences the perception of relative size. In any case, there 
is no a priori reason to believe that the perception of equal distance by 
means of zeroing adjustments involves the same mechanisms as the 
perception of distance-ratios. 


EXPERIMENT I 


The present study utilizes size-matches of objects at different distances 
and distance-ratio judgments of the same objects.? To test the relation of 
perceived size and perceived distance, two hypotheses were formulated: 

Hypothesis 1. If the distance of an object is overestimated, its size will 
be overestimated. 

Hypothesis 2. The greater the overestimation of an objects distance, 
the greater the overestimation of its size. This hypothesis can be tested 
either by measuring the correlation of judgments of size and distance in 
one condition of observation, or by measuring the correlation of group- 
trends in a series of conditions. 


Observers. The Os were 31 volunteers from an introductory course in psychology. 
All had 20/20 vision or were corrected to it. None knew the purpose of the experi- 
ment, 

Apparatus. The stimulus-objects were two triangles, one variable in size and dis- 
played on a large black screen, the other variable in distance and suspended from 


. a wire, The arrangement of the apparatus is shown in Fig. 1. 


The standard distance was defined by the object which served as the size-variable, 
an equilateral triangle of white cardboard emerging from a horizontal slit in a black 
sloth screen. The screen was 107 cm. square, with an apron of black cloth continuing 
to the floor to conceal E from O. The exposed height of the triangle could be varied 
from zero to 50 cm. It could be adjusted by either E or O, as it was controlled by 
a pair of selsyn motors. Behind the screen a pointer and millimeter scale indicated 
the exposed height. 

The variable distance was defined by the object which served as the size-standard, 
an equilateral triangle of the same white cardboard and mounted on a 20 cm. X 30 
cm. cardboard rectangle covered with black cloth, It was suspended from a taut 
wire stretched between a point just above and behind O's head and another point on 
the wall of the experimental room. Either E or O could control its position by means 
of a pulley system. A colorcoded centimeter scale was painted on the upper side of 
the wire, invisible to O. 

No headrest was used. O sat in an ordinary classroom chair with an armrest. His 
Position was adjusted before the experiment began, and checked frequently. 

Illumination was provided by two lamps, one directed at each triangle. During 

> 


* Similar reasoning can be applied to the other constancies (cf. B. K. Stavrianos, 
The relation of shape-perception to explicit judgments of inclination, Arch. Psychol, 


1945 (No? 296), 1-94). Stavrianos' experiment should be repeated with an appto- 
priate modification. 
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the size-judgments, each lamp, mounted in a reflector, was 65 cm. from the object 
it illuminated and slightly to one side of it, from O's point of view. As the lamps 
were fixed, their positions with respect to the triangle on the wire varied during 
the distance-adjustments. For high illumination, frosted 40-w. lamps were used, 
Although the lamps were directed at the triangles, their general illumination of the 
room was adequate for clear vision of the other objects and surfaces in it. For low 
illumination, 2-w. neon lamps were used. After the period of dark-adaptation, the 


STANDARD 


TRIANGLE / 


n Fic, 1. POSITION OF STIMULUS-OBJECTS ^ v 

n Experiment I, B = 10°, standard triangle = 15 cm. standard distance — 330 cm. 

In Experiment II, B 375: standard E. 10 cm. and 15 cm. (alternated) ; 
standard distance = 450, 350, 250, 200, 300, 400 cm. (in the order given). 


walls and floors of the room could just be perceived by virtue of faint, scattered 
reflections. : 
Procedure. Judgments were obtained first in high illumination and then, following 
4 rest-period, in low. After O was seated and his position adjusted, E took his seat 
behind the screen and gave O brief instruction in manipulating the size-variable. 
This practice also served to acquaint O with the range of sizes available. œ 
Judgments of equal size were obtained by the method of adjustment. With the 
Physical distances of the standard and variable in the ratio 1:2, O adjusted the 
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variable until it appeared the same size as the standard. The instructions - 
designed to favor a phenomenal attitude, simply by requesting O to "m; 
triangles look the same size." If O raised any questions, E merely repeated rel 
portions of the instructions. 

The initial settings made by E before each adjustment by O were so predetermin 
that the pattern would be the same for all Os; the lengths of series were varied, | 
and ascending and descending orders were alternated. Each O made 20 judg 5! 
in this way. 

After this series, there were two further trials during which O was asked to 
a verbal report on the process he had used in making his size-matches. If, in loy 
illumination, O did not spontaneously report a difference in ease of judgment 
asked if there was any difference between the judgments under the two conditions, 

Distance-judgments began with a verbal estimate of the distance-ratio.” O was 
asked to "estimate the distance from you to the near triangle relative to the distance — 


TABLE I 
Size-Jupcments AND Havr-pistance Jupcments Unner Two 
CONDITIONS or ILLUMINATION s 
Size judgment Half-distance judgment — 
High Low High S 
illum,* illum.f illum.* 
Correct value (cm.) 15 15 165 
Mean (cm.) 18.35 18.37 171.8 
SD 1.28 1.80 10.5 
Mean percentage error 22.35 22.43 4.1 
tt 14.35 10.09 $2 


* High illumination, N= 31. 

I Low illumination, N— 3o. \ 3 
AER Hs nce between correct value and mean judgment; all differences significant at 

14 level. 


from you to the far triangle.” If O answered "about one-half" he was asked to be 
more specific,* ; 
Up to this point, the objective distance-ratio was 1:2. For the half-distance judg- 
ments, the objective ratio was variable, and the task was to determine the 
at which the subjective distance-ratio was 1:2, O was asked so to adjust the dis! 
variable that it appeared to be half as far from him as the standard. As before, 
instructions called for a phenomenal attitude. After each judgment, E recorded 
setting, and then moved it to a new starting point in preparation for the ne 
judgment. Each O made 10 reports, alternating ascending and descending series W 
their lengths varying haphazardly. 
Under low illumination the Procedure was the same, After the size- and distance- 


? * Between the judgments of relative perceived size and perceived distance th 
intervened two other types of judgment, the results of which will be report 
separately. These were judgments of the limits of sizes which might possibly : 
equal, and judgments of angular size. x 4 
In a Inter experiment performed by J. J. Gibson, O. W. Smith, and the auth 


a more exact psychophysical procedure was developed for obtaining verbal estin 
of distance-ratio. i 
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judgments under high illumination, there was a 10-min. rest-period, during which O 
drew pictures of persons. He was then led back to the experimental room with his 
eyes closed. When E had changed the lamps, O was permitted to open his eyes. 
The size-judgments were begun after a 5-min. period of adaptation to very dim light. 

The entire experimental session, including the rest-period, lasted about 1% hr, 
Because one O could not complete the session, there was one O less in low illumina- 
tion than in high. 


Results: (a) Size- and distance-judgments. The results of Experiment I 
do not show any relation between perceived size and perceived distance. 
Table I presents the mean results for the size-judgments and half-distance 
judgments. The use of mean percentage error, rather than the Thoules or 


TABLE II 
RELATIONS AMONG JUDGMENTS TESTED BY CHISQUARE 
Judgments Illumination N Chi-square D 
Size High vs. low 30 16.1 «.or 
Half-distance High vs. low 30 10.8 «.or 
Half-distance vs. verbal estimate 
_of distance ratio High 23* 9.6 «.or 
Size vs. half-distance High 3I 1.85 <.20 
Size vs. half-distance Low 30 negligible vnd 
Size vs. verbal estimate of dis- 
tance ratio High 23* 2.30 «.10 


* Verbal estimates for 7 Os were eliminated as too vague. - 


Brunswik ratios,’ for the size judgment facilitates comparison with the 
distance judgments. 

Table II presents values of Chi-square as a test of the strength of 
relation between different kinds of judgment. Chi-square is basa a 
2X 2 contingency tables, dichotomized at the medians, In computing 
values of Chi-square for the relation between verbal estimates of distance- 
ratio and other judgments, only those verbal estimates were used which 
were definite enough to be quantified. There were only 23 such ass 
high illumination and 15 in low. Since the distribution of 15 cases in à 
4-cell table gives a theoretical frequency of less than 5 per cell, values 
Of Chi-square involving verbal estimates in low illumination do not 
appear in the table. | 

It is evident from Table II that there was little or no relation between 
judgments of size and distance. All three values of Chi-square indicating 
correlation are insignificant. One is approximately zero, and the other 
two are opposite in sense to the relation predicted from Hypothesis 2. 
Psychology, 


* For a discussion of these ratios, see R. S. Woodworth, Experimental 
1938, 605. f 
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(b) Size-distance paradox. The mean results, shown in Table I, held 
an even greater surprise. As usual in constancy experiments, the relative 
size of the far object was underestimated. That is, it was necessary to 
make it physically larger than the near one in order for the two to 
appear equal. The relative distance of the far object was, however, over- 
estimated, że., when the physical distance ratio was 2:1, the far object 
appeared much farther than twice as far away. This constant error in 


IHD HD JHD 


Fic. 2. THE SizE-DISTANCE PARADOX J 
IHD = implicit half-distance judgment. On the hypothesis that perceived size is 
proportional to image size X perceived distance, if size-constancy «10096, IHD must 


lie between O and HD; HD — objective half-distance; JHD — judged half-distance; 
mean for 31 Os. 


half-distance judgments can be demonstrated easily by trying to position 
a small object, such as a pencil, that it appears to be half, way between 
one's eyes and some reference object (see Fig. 2). 

This result directly contradicts Hypothesis 1. It may be called the 
'size-distance Paradox' as the error in distance perception implied in 
typical size-constancy results is Opposite to the error actually obtained 
in half-distance judgments. 

The results for verbal estimates of distance-ratio were in general agree- 
ment with those for half-distance judgments. This can be seen from Table 
Il, in which the relation of the two is indicated. On the other hand, it 
Seems that the relative Overestimation of the far distance was greater in 
verbal estimates of distance-ratio than in half-distance adjustments. The 
median value of the former was 2.33, a constant error of 17%, while the 
median error in the latter Was 8.8 cm., only 5%. 

The reason for the Seater constant error in the verbal estimates than 
n the adjustments is not entirely clear, but the fact that the verbal estimate 
preceded the adjustment Suggests that the former was closer to O’s actual 


p 
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impression of relative distance during the experiment, until distance became 
a variable under his control. 

(c) O's reports. The reports of the O's reveal that they succeeded, in 
general, in taking the naive, phenomenal attitude asked for in the instruc- 
tions. Few Os made any conscious effort to compensate for the difference 
in distance when making size-judgments. Occasionally, O’s running com- 
ment indicated that he thought about the matter and avoided such an 
attempt, either because he realized it was contrary to the instructions or 
because he was uncertain as to the appropriate ‘correction.’ The most typical 
report, however, was to the effect that O simply looked back and forth 
and turned the dial until the two triangles looked equal. 

O generally experienced somewhat more difficulty in making the half- 
distance judgment than the size-judgment. Nevertheless, he usually re- 
ported that he simply adjusted the distance variable until it appeared to 
be half as far from him as the standard. A few Os reported the use of a 
kind of visual geometry, with imaginary lines forming a constructed bi- 
section, but close questioning after the experimental session showed that 
the actual adjustments were not compatible with the alleged operations. 
Probably, after the geometrical work, these Os made a final correction 
so that the distance-ratio ‘looked right.” 

(d) High and low illumination. Like judgments under high and low 
illumination were made almost an hour apart, during which interval O 
performed a variety of tasks and also left the experimental room for about 
10 min, The degree of relation between like judgments under the two 
conditions, therefore, may be taken as indices of test-retest reliability. It 
is clear from Table II that O's judgments under the two conditions were 
quite consistent. 

The differences in mean results for size- and distance-judgments in the 
two levels of illumination were negligible. This was unexpected, as 
Holaday had found an appreciable reduction in size-constancy in a similarly 
low illumination.* 

Another surprise lay in the fact that the size-judgments were sub- 
jectively easier to make in the low illumination. Twenty-three Os reported 
this, while only two reported it easier in high illumination, and seven 
felt there was no difference. As one O put it, “There is Jess to divert 
you," in low illumination. 

Perhaps the clearly perceptible difference in distance of the standard 
‘and variable was disconcerting while making ‘size-judgments In high 


* Op. cit., 424-434. 
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illumination, even though some stimulus-correlate of these distances must 
have influenced the judgment of size. 

Summary and discussion. Both experimental hypotheses were con- 
tradicted. A mean overestimation of the distance of an object was coupled 
with a mean underestimation of its size; and there was no significant 
correlation of individual differences in perceived size and perceived size 
and perceived distance, Similar results were obtained under two radically 
different levels of illumination. 

These results offer great difficulty for the hypothesis that perceived size 
is proportional to perceived distance. On the other hand, this hypothesis 
seems so plausible and is so widely accepted that a single experiment 
undermining it should be closely scrutinized. 

The most important limitation of Experiment I lies in the general plan 
of obtaining a series of size- and half-distance judgments for only one pair 
of distances. It is possible that the relation of these variables is com- 
plicated by some other factor. Even if perceived size is proportional to 
perceived distance, the quantitative outcome of a size-match may also 
depend on some constant, specific to each O and not measured by the 
size- and distance-judgments obtained. 

In that case, some orderly relation between size and distance would be 
revealed in size-matches and half-distance judgments obtained over a 
range of distance-pairs. For example, perhaps the trend of errors in size- 
judgments parallels the trend of errors in half-distance judgments for a 
given individual, although the two error-functions are displaced from each 
other in direction and amount vatying with the individual, Such a result 
would offer an explanation of the failure to find any correlation of size 
and half-distance judgments at one pair of distances,” 

An objection might also be raised to one aspect of the procedure em- 
ployed in Experiment I. The screen on which the variable size-object 
appeared was much larger than the card which served as background for 
the standard. This was done to avoid the possibility of a judgment of 
proportionality. On the other hand, it may have introduced a contrast 
effect in which the variable on the screen was dwarfed by the size of its 
background. Individual differences in this contrast-effect may have obscured 
any existing correlation of size and distance. 


T 
Although the present research was com; HP a pal 
i i pleted before Gilinsky's recei 
Experiment II, indicated by this line of reasoning, should provide a fair test of her 
suggestion that there is a constant which determines both size- and distance- 
ORE, a red Lo of Perceived distance, differing for each O in a D 
si jon. aS: M x 2 £ 3 cola 
Rev., 58, 1951, 460-482. sky, Perceived size and distance in visual space, 


| 


| 


RELATION OF PERCEIVED SIZE TO PERCEIVED DISTANCE 419 


‘EXPERIMENT II 


To meet the objections raised in the preceding discussion, Experiment 
II was conducted, The issue now at stake was a very general prediction: 
Hypothesis 3: Deviations from perfect size-constancy over a range of 
listances will be correlated in some way with inaccuracies in distance-ratio 
idgments over the same range. 

‘In Experiment I, each O made a series of size- and half-distance judg- 

ts at one distance-pair. In Experiment II, each O made a similar series 
judgments at each of six distance-pairs. In addition, two new types of 
lgment were obtained. These were introduced to measure any constant 
rors which might result from differences in the sizes of the backgrounds 
n which the standard and variable were displayed. 


“Observers. There were 20 Os of whom 8 were graduate students in psychology and 
12 were undergraduates enrolled in an introductory course in psychology. All had 
20/20 vision or were corrected to it. : 

Apparatus. The apparatus was the same as'in Experiment I, but the room used 
larger than before (see Fig. 1). Indirect and fairly homogeneous illumination 
provided by four internally reflecting bulbs directed at the ceiling from points 
high on the walls. 

Procedure. At each of six distances of the screen, four kinds of judgments were 
ined in the following order: half-distance judgments (1/2 D); equal distance- 
ments (ED); size-matches (ES 1/2) with the standard half as far from O as the 
able; and size-matches (ESE) with the standard and variable equidistant from O. 
O standard sizes, 10 cm. and 15 cm., were alternated to minimize the possibility 
that O would become habituated to setting the variable so that its apex always appeared 
1 the same point on the screen. 

- The instructions were: (1) so to set the distance-variable that it appeared to be 
half as far or at the same distance from O as the standard distance; and (2) so to 
Set the size-variable that it appeared to be the same size as the standard. O was 


asked to avoid any ‘corrections’ based on knowledge, and to base his judgments on 
re any data were taken, two 


two distances of the screen, 


ments. After each judgment, E reset either the size- 
ting position, until six judgments of a kind had 


A triangle of 2 cm. altitude was exposed on the screen. 
After each set of 24 judgments, E moved the scre 
ee ment began with the screen at 450 cm. from O, this. 
1.200 cm. and then increasing to 400 cm. This order permitted some 
Practice effects while obtaining judgments at six different distances. 


© 


en to a new position. The 
‘this distance decreasing to 
estimate of 
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Results. The results of Experiment II represent another series of failures 
to find any relation between perceived size and perceived distance, 

(a) Group trends, The mean judgments are given in Table III, and the 
mean percentage constant errors in Table IV. The size-distance paradox 


TABLE III 
MEAN SIZE- AND DISTANCE-JUDGMENTS AT Six DISTANCES or SCREEN 


These values have been so adjusted that all are given in terms 
of a standard size of 10 cm. 


(N=20) 
Distance Judgment 
of screen r 
(in cm.) iD ED ES1 ESE 
distance of = 
screen M SD M SD M SD M SD 
450 260 16 449 16 12.3 1.2 10.6 0.8 
400 238 17 400 Žž i5 11.7 1.1 10.3 0.6 
350 206 15 M7 «14 11.5 1.8 10.5 0.7 
300 179 12 296 II TI 1.0 10.3 0.7 
250 144 10 248 7 Il.0 0.9 10.4 0.7 
200 115 9 199 7 10.4 10 10.2 6 
TABLE IV 


PERCENTAGE Constant ERROR or MEAN Size» AND DISTANCE- JupcMENTS 


These results represent an underestimate of the relative size of the far object and an under- 
estimate of the relative distance of the near object. In the text, the latter is treated 
as an overestimate of the relative distance of the far object. 


(N=20) 
Distance of Judgment 

screen 

(in cm.) D ED ES} ESE 
450 15.6 —o.1 23 6 
on 19.0 0.0 17 3 
350 17:7 —1.6 15 5 
300 19.3 —r.1 1I 3 
250 15.2 —0.7 10 4 
200 15.0 0.5 4 2 


occurred as in Experiment I, again contradicting Hypothesis 1. Moreover, 
Hypothesis 2 was contradicted in a new and more profound way, in that 
conditions of observation which produced systematic changes in size- 
constancy had no such effect on distance-ratio judgments. The percentage 
constant error for half-distance judgments (14 D) did not vary progres- 
sively with absolute distance, fluctuating around 17%. In contrast to this, 
the constant error in size-constancy judgments (ES 14) increased steadily 
from 4 to 24%. The frequencies with which Os increased their mean 
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settings of the size-variable as distance increased are significantly (5-% 
level) greater than would be expected by chance, as tested by Chi-square, 
for every interval of 100 cm. 

As shown in Table III, the regular increases in variability in 15 D and 
ED, as the distance of the screen increased, were not paralleled by increased 
variability in ES 1⁄ and ESE. 

(b) Correlation of individual differences. As in Experiment I, correla- 
tion between 15 D and ES 1 was negligible, contradicting Hypothesis 2. 
Values of r for the six distances ranged from —0.10 to 0.24. When each 
O's percentage errors in Y D and in ES V, at all six distances were 
pooled, a plot of the pooled size-judgments against the pooled distance- 
ratio judgments revealed no trend. As a further test, each O's constant 
errors in size- and distance-judgments, as measured by thé control judg- 
ments, ESE and ED, were subtracted from ES 15 and 15 D respectively. 
A new plot, prepared after these corrections, revealed no trend. 

The only hint of a correlation between judgments of size and distance 
was gained through a drastic process of selecting data. For each O, judg- 
ments of 12 D were plotted against physical distance. By inspection, it 
Was determined that these curves were quite smooth for seven Os, who 
can, therefore, be regarded as particularly consistent in their sets of 15 D 
judgments. For these seven, the plots described in the preceding patagraph 
suggested some correlation of ES ¥ and 14 D in accordance with Hypo- 
thesis 2. Even if this result can be duplicated, it would be quite limited 
in its application, and would hardly indicate a close causal coupling of 
perceived size.and perceived distance. É 

The individual differences in size-judgments can be ascribed, in part, 
to effects operating independently of differences in the physical distances 
of the standard and variable, since correlations of ESE and ES 1^, computed 
for each distance of the screen, were all positive, 7 ranging from 0.34 to 
071. 

The mean percentage errors in the control judgments, ESE and ED, 
were too low to account for the magnitude of the errors in the size- 


Constancy and distance-ratio judgments.® Of course, individual variations 


in small constant errors might partially obscure any correlation of these 
plot of size- 


judgments, but the method of constructing à corrected pl 
judgments against distance-judgments should have been sufficient to over- 


come this difficulty. 


"The fact that the mean error in equal distance-judgments was zy d Ed 
loes not mean that Os were extremely accurate 10 this judgment. Theregwas ' 
siderable variability among Os, but no constant error typified the group. 


© 


*. 


422 GRUBER , 


kc 

(c) Analysis of individual results, To test Hypothesis*3, a separate pair 
of graphs was drawn for each O, plotting his percentage errors in ES 1⁄4 
and in 17 D against the distance of the screen. Inspection of the 20 pairs 
of curves constructed in this way yielded no confirmation of Hypothesis 3. 
Sometimes the two curves crossed each other once or twice, sometimes not 
at all. Sometimes they were convex with respect to each other, sometimes., 
concave. In short, this method revealed no trace of a correlation of errors 
in size constancy and distance-ratio judgments as distance varied.® 

Discussion. It is abundantly clear that a close causal dependence of 
petceived size and distance could not be demonstrated in the present ex- 
periments. Admittedly, the non-occurrence of a hypothesized correlation 
does not necessarily disprove the hypothesis. It might be argued, for 
example, that the absence of correlation in this study and the presence 
of it in Brunswik's indicates nothing more than two samples which differ 
in heterogeneity? To this objection three answers may be given: First, 
in Experiment IL, as against Brunswik's, more thorough control of ir- 
relevant variables should compensate for the greater homogencity of the 
sample of responses. Moreover, the present results display considerable 
variability in both the size- and distance-judgments, hence the absence of 
correlation cannot be due to unusually homogencous samples. Secondly, the 
present results offer a greater problem than the mere non-occurrence of a 
Correlation of perceived size and perceived distance. The size-distance 
paradox actually contradicts the hypothesized relationship. Thirdly, it is 
possible to develop a theory which accounts for the known facts without 
tecourse to the questionable hypothesis. . 

Failure to verify an important and widely accepted hypothesis imposes 
the task of reéxamining the hypothesis itself and the facts it was intended 
to explain, Perhaps its original purpose was to state a functional relation 
between a percept and the stimuli which give rise to it. The size of the 
retinal image produced by an object is, of course, a dimension of proximal 
stimulation. The perceived distance of an object is, however, only anothet 
spatial extent, having much the same status as its perceived size. This has 
led to a stalemate in which students of space-perception move in a circle, 
sometimes explaining perceived size in terms of perceived distance, and 
sometimes perceived distance in terms of perceived size. The first approach, 
the theory of optimal stimulation, is distinguished by its emphasis on the 
tichness of the immediate stimulus-scene out of which perceived distance 


i This result also contradicts Gilinsky's hypothesis (cf. Gilinsky, op. cit., 465-466). 
. Egor Brunswik, Distal focussing of perception: size-constancy in a representa- 
tive sample of situations, Psychol. Monog., 56, 1944 (No. 254), 1-49, esp. 1-9. 
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ally arises. "The second approach, the theory of impoverished stimula- 
stresses the inadequacy of immediate sensory data and depends on 
h factors as past experience, the recognition of objects, and assumed 
in accounting for perceived distance. Since the present experiments 
loyed situations closer to optimal stimulation, the first approach will 
iscussed first and at greater length. 
i) Theory of optimal stimulation. In this view, many kinds of stimuli 
available to produce a perceived world extended in distance from O. 
ally, O utilizes this strongly fortified distance-perception in a variety 
ays, including the perception of size. Since the cues for distance are so 
e, it is neither necessary nor feasible to formulate hypotheses speci- 
the quantitative functions relating perceived size to specific proximal 


imulus-correlates of physical distance. Rather, these correlates and other 


ors combine in one percept, perceived distance, on which perceived 
the fact that several of 


depends. This view gains some support from 

stimuli for distance approach a limit as physical distance increases and 
, correspondingly, size-constancy sometimes decreases at similar dis- 
11 

e use of perceived distance as a catch-all for 
uli has often led the same theorists to a distal-stimulus-bound orienta- 
toward space perception. Holway and Boring, for example, conclude 
m an experiment in size-constancy utilizing a number of different con- 
ons of observation, "For each of these conditions the most probable 
of the function relating apparent size to distance was found to be 
ear.”12 The authors also conclude that “The organism can perceive the 
of an object as constant, even though its distance changes, provided 
perception is complex enough to provide the essential differentiae. x 
attempt was made, however, to isolate or analyze these “essential dif- 
entiae.’ Thus, the basic pattern of behavior in taking this approach is 
refer non-committally to a group of stimuli for distance-perception, and 
9 relate perceived size to physical distance, sometimes substituting a refer- 


to perceived distance.** 
While the foregoing is, I believe, 


many different proximal 


a fair description of 2 widely held 


At least one recent experiment suggests that size-constancy, 1n USC circum- 

es, remains AN perfect over very long ranges of distance. J. J. Gibson 

.), Motion Picture Testing and Research, 201 fi. 

pwa and Boring, op. cit., 36. 5 
m. essaty investi 

Boring's intent is, perhaps, merely to postpone an admittedly e imd 
f the proximal aml for distance relevant to perceived sine d n 
6-47, has gone further, explicitly making the correlation of perce ioi d 
distal stimuli the central subject matter of his studies in space percep lon. 


u 


424 GRUBER 5 


point of view, it is also an account of the writer’s own starting point in 
this research, The failure to demonstrate the dependence of perceived 
size on perceived distance led the writer to rediscover several ideas, none 
of them very new, which perhaps need reémphasis and reformulation in 
connection with size and distance perception. (1) Each perceived property 
of space (such as size, distance, slant, and brightness) arises directly out 
of proximal stimulus-relations, and each is apprehended with a sense of 
immediacy. Furthermore, there is no 4 priori reason to assume that one 
such percept depends on another; indeed, the assumption leads to a logi- 
cal impasse and an erroneous prediction, (2) The proximal stimulus- 
correlates of each perceived property of space must be experimentally 
isolated and an attempt made to specify the quantitative functional relation 
between stimulus-correlate and percept. (3) The proximal stimulus- 
correlates to be sought are probably themselves relations among different 
aspects of the total pattern of retinal arousal.15 (4) Since the investigator 
can only manipulate the distal stimulus-correlates, he must examine the 
tesultant pattern of proximal stimulation closely, to determine how each 
of its various aspects is related to a particular property of perceived space. 

In the present experiment, approximate size-constancy was maintained, 
and the perceived half-distance was roughly proportional to the standard 
distance. In that sense, obviously, perceived size and perceived distance 
were each influenced by some correlate of physical distance. That, how- 
ever, leaves open the questions: Did perceived distance influence perceived 
size? Were both judgments influenced by the same stimulus correlate of 
physical distance? In short, were these judgments correlated with each 
other? 

The present results revealed no correlation of perceived size and distance, 
suggesting that these two Properties of perceived space were influenced 
by different proximal stimulus-correlates of physical distance. It is not 
suggested that this will always be the case, Size and distance are each only 
examples of perceived extent, and therefore both must be thought of as 
arising directly out of Proximal stimulus-relations, Whether the relevant 
dimensions of stimulation will coincide or differ for perceived size and 
distance may well depend on the specific stimulus-situation— but a correla- 


. Wallach has demonstrated such a relation for perceived brightness, which in 
his results depended on the ratio of the intensities of arousal of adjacent retinal 
areas (Hans Wallach, Brightness Constancy and the nature of achromatic colors, 
J. Exper. Psychol., 38, 1948, 310-324). Gibson has done likewise for perceived 
slant, which in his results depended on the gradients of texture density in a region 


S padres (The perception of visual. surfaces, this JoURNAL, 63, 1950, 367- 
X. 
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tion, which sometimes appears and sometimes does not, fails to indicate 
a close, causal correspondence, 

(b) Theory of impoverished stimulation. Turning to situations in which 
the normal array of proximal stimulus-correlates is not available, it is 
tempting to abandon the effort to relate the perceived properties of space 
to variables of ongoing proximal stimulation. In the absence of any other 
obvious indicators of distance, it is easy to agree that perceived distance 
must be the effect rather than the cause of perceived size, and that per- 
ceived size is, in turn, determined by such factors as suggestion and recog- 
nition of objects.!* t 

Hochberg and Hochberg have recently suggested that two factors, 
familiar size and the relative size of similar shapes, may have been con- 
fused in research on this subject." In their experiment, familiar size did 
not influence perceived distance, although the relative size of similar shapes 
was clearly effective. Thus, even under conditions of greatly impoverished 
stimulation, ongoing proximal stimulus-relations may account for perceived 
distance-relations. 

On the other hand, this emphasis on the efficacy of ongoing stimulation 
should not lead us to ignore results showing that non-stimulus-factors, such 
as knowledge about the object have some influence on perception., We still 
require some theoretical scheme to cope with these intricately interwoven 
facts. The present research suggests one tentative step in that direction: 

Perception, as a form of response to patterns of stimulation, is lawful, 
but not necessarily logical. At different moments, in response to the same 
complex matvix of sensory processes and memory traces, different percepts 
emerge, such as size, distance, shape, slant, and brightness. Every variety 
of percept may depend on various aspects of the same matrix in a different 
manner and degree. Thus, apparent contradictions, unacceptable in logic, 
ate to be expected in perception: each percept emerges directly from its 
, matrix, without any intervening intellectual process. 


SUMMARY 


Two experiments were conducted, with a total of 51 Os, to test the 


8 This i : i m the experimental work 
This is the first and most obvious conclusion drawn fro! pu rici os 


of the Ames grou’ their theoretical writings also im| ] 
assumed sizes and eee most general determinants of all perceived oe 
See, for example, A. H. Hastorf, The influence of suggestion on the oa Itt Ison, 
Stimulus size and perceived distance, J. Psychol., 29, 1950, 195-217; w 64. 951, 
ize as a cue to distance; static localization, radial motion, this JOURNAL, 64, > 
5467, 188-202. sank depth 

"C. B. Hochberg and J. E. Hochberg, Familiar size and the perceptio of depth, 
J. Psychol., 34, 1952, 107-114. 
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hypothesis that perceived size is proportional to perceived distance, when 
image-size is held constant. The procedure consisted of obtaining measure- 
ments of size-constancy and of perceived distance-ratio, using the same 
stimulus-objects for these size- and distance-judgments. 

Three major facts emerged from the results: (1) An object which was 
consistently underestimated in relative size was consistently overestimated 
in relative distance. This result was labelled the 'size-distance paradox’ 
because the constant error in distance-ratio judgments implied in size- 
constancy results is opposite to the error actually obtained in distance ratio 
judgments. 

(2) Over a range of distances from 200 cm. to 450 cm., the mean 
constant error in relative size-judgments rose steadily from 4 to 2396, 
whereas the mean constant error in relative distance-judgments, rather than 
varying systematically with the standard distance, fluctuated around 17%. 

(3) Analysis of individual differences revealed no correlation between 
size- and distance-judgments. Even a search for some constant of perceptual 
response, specific to each O, which might have obscured such a correlation, 
met with no success. 

All three results are contrary to our hypothesis. 

An alternative theoretical scheme was suggested in which perceived size 
and perceived distance do not depend on each other. Instead, both emerge 
from a common matrix of ongoing stimulus-processes and memory-traces; 
but they may be related to that matrix in different ways. 
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THRESHOLD FOR VISUAL FORM: FURTHER EXPERIMENTS 


By JoHN KnauskoPr, RICHARD A. DURYEA, and M. E. BITTERMAN, 
University of Texas 


Some implications of a diffusion model derived from the Köhler-Wallach 
theory of figural after-effects? were examined in a recent study of thresh- 
old for visual form.? The rationale of that study and the results obtained 


are here briefly summarized. 


Köhler and Wallach assume that a visual stimulus produces an alteration in the 
chemical condition of the tissue fluid surrounding the cells of the visual cortex, and 
that differences in potential between regions of different activity (ionic concentra- 
tion) give rise to figural currents which determine perceptual experience, When one 
area of the retina is the site of more intense stimulation than another, a greater fre- 
quency of impulses will be conducted along the pathways originating in the more 
stimulated area. If in the course of their activity the nerve fibers liberate chemical 
substances at their termini, the rate of secretion increasing with the frequency of im- 
pulses, a pattern of ionic concentration isomorphic with the retinal image—a chemical 
projection of the retinal image—will be produced, It may be expected, however, that 
diffusion through the boundaries of the cortical figure will destroy its isomorphic 
relation to the retinal figure, and that the accuracy of perception will thereby be 
impaired. It may also be expected that the distorting effects of diffusion can be 
counteracted by appropriate increases in the intensity of stimulation. i 

Certain deductive consequences of this model were studied in an experiment on 
threshold for visual form. The intensity of illumination required for the perception 
of luminous figures briefly exposed in a dark room (form threshold) was found to 
vary with the ratio of perimeter to area (P/A)—a rough appproximation of the 
relative amount of diffusion from a given figure—and with the magnitude of critical 
detail, although complete separation of the two determinants was not achieved. 
Perceptual errors (pre-threshold reports) were found to bear a striking relation to 
Patterns of diffusion observed in a physical model. An important feature of the ex- 
Periment was the employment of a method designed to get at the perception as con- 
trasted with the recognition of form—the Os were not instructed concerning the 


forms to be presented and for each O only one ascending determination of the 


* Accepted for publication July 20, 1953. The research here reported was con- 
ducted under tenis of YU s No. AF 33(616)-63. The project was m 
ministered by the Psychology Branch, Aero Medical Laboratory, Directorate o! 
Research, Wright Air Development Center, with Dr, Kenneth T. Brown gering a 
Project Engineer, The authors are indebted to Dr. J. E. Hochberg for advice an 


criticism, 77] 
Wolfgang Köhler and Hans Wallach, Figural after-effects, Proc. Amer. Phil. 


Soc, 88, 1944, 269-357 S 
f *M. E. Bitterman, John Krauskopf, and J. E. Hochberg, Threshold for visual 
orm: A diffusion model, this JOURNAL, 67, 1954, 205-219. 
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threshold for each form was made. In the Present series of experiments the de- 
pendence of form threshold on P/A and magnitude of critical detail was further 
investigated, and the effects of two other variables—area and exposure-time—were 
studied. The relation between form and brightness thresholds was examined, and 
the importance of the specialized method employed in the earlier experiment was 
evaluated, 


EXPERIMENT I 


The principal purpose of this experiment was to study the effect on 
threshold of variation in time of exposure. The diffusion model suggested 
that increases in time might be functionally equivalent to increases in in- 
tensity over a considerable range, and an experiment was designed to 
explore a portion of that range, Plans were made for the measurement of 
brightness thresholds as well as form thresholds to permit a systematic 
comparison of the two indices, This experiment, involving as it did several 
of the figures used in the previous study, provided an indication of the con- 
sistency of results obtained under the somewhat unusual conditions em- 


ployed. 


Observers. Fifty young men and women, students at the University of Texas, 
served in the experiment. They were untrained in psychology, and their vision, by 
their own reports, was either normal or corrected to normal. 

Apparatus, The apparatus employed (a modified Nagel adaptometer) was the 
same as that of the previous experiment. Illumination was provided by three 50-w. 
tungsten lamps operated at 115 v, by means of a voltage-regulator. The adaptometer 
Was equipped with three neutral density filters, each of which transmitted 5% of the 
incident light. To eliminate rod vision, a red filter was employed; its transmission 
Was 5.2%, and it plotted on the spectral locus at 643 mp. A linear diaphragm was 
used, to which a scale measuring percentage of maximum illumination was coupled, 
and a small lamp was housed in the apparatus to permit the scale to be read by E 
in the dark experimental room. A figure-holder, into which the stimulus-figures 
could be inserted individually, was fixed to the front face of the apparatus. The 
instrument was calibrated with a Luckeish-Taylor meter. Readings were made 
without the red filter and corrected for its transmission. With the diaphragm opened 
maximally (100 on the linear scale and 2 on the log scale), the luminance was 
0.008 ft-L. 

A chin-rest secured the head of O, who sat at a distance of 5 ft. from the stimulus- 
figures which were viewed binocularly, A tiny neon lamp, shining through a pin-hole 
in a small box, provided a reddish fixation-point. The box was attached to the end of 
a metal rod in such a way that the fixation-point was situated directly in front of the 
center of the figure-holder. The rod was mounted on a ball-bearing and could be 
rotated out of the line of Sight by the action of two solenoids. The sequence of events 
on each trial was controlled by a bank of three interval-timers of the Hunter-Brown 
type." Following a ready-signal, E depressed a key which extinguished the fixation- 


*T. A? Hunter and J. S. B A T 20 I timer, this 
TOURNAL, 62, 1949, 376-575, ^" A decade-type electronic interval ti 
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light and moved it out of the field of view. After an interval of 0.5 sec, the 
adaptometer-lamps were turned on to present the stimulus-figure at one of five 
different exposure-times—0.2, 0.5, 0.8, 1.1, or 1.4 sec, After a brief interval of 
darkness, the fixation-light was swung back into position and turned on once more. 
The total time between the disappearance of the fixation-light and its reappearance 
was 3 sec. 

Stimuli. The five forms studied in the experiment (circle, square, diamond, X 
and cross) are illustrated in Fig. 1. In all, nine figures were constructed—small 
circle, square, diamond, X, and cross (equal in area to 0.25 sq. in.) and large square, 
diamond, X, and cross (equal in area to 1.00 sq. in.). As may be seen from Fig. 1, 
square and X were 45? rotations of diamond and cross. The figure with the greatest 
lateral extent was the large X, which measured 1.34 in.; for the O seated 5 ft, away, 
its angular size was 1°16’. The figures were cut out of paper, and contact-negatives 
were made from these templates—transparent figures on opaque grounds. The 


ono xt 


Fic. 1. THE ForMs OF EXPERIMENTS I AND II 


negatives were bound to thin plates of clear plastic which could be inserted indi- 
vidually into the figure-holder of the adaptometer. 

Procedure. Fach O was brought into the air-conditioned dark room employed for 
the experiments, dark-adapted for 10 min., and appropriately instructed. Brightness 
and form thresholds for each figure were determined in the following manner: The 
adaptomieter scale was set below the brightness threshold for the first exposure, and 
on successive trials the illumination was increased by steps Of 0.05 log unit. The 
level at which O first reported light was taken as the brightness threshold, and the 
series terminated when O correctly named or described the form. Each O encountered 
cach form onlyeonce during the experiment. 

For each O, five different figures and five different exposure-times were used. For 
half the Os, the figures were large diamond, large X, small circle, small square, and 
small cross (Series A); for the remaining Os, the figures were large square, large 
cross, small circle, small diamond, and small X (Series B). This procedure was 
adopted because it was desired that each O should see each form only once. The 
dimensions of the figures in each of the two series were, of course, identical, and 
they were combined in the analysis of the results when it was found (as anticipated) 
that they yielded comparable threshold values. : 

Each O was presented with each figure at one of the five different exposure-times, 
Two 5 X 5 Latin squares were constructed, one for figures and one for exposure- 
times, and 25 different orders of presentation were derived by pairing the rows of 
the two squares in all possible ways. Two Os were assigned to each of the orders, 
One of the Os being presented with the figures of Series A and the second with the 
figures of Series B. 


Results, The principal findings of the experiment are summarized in 
Fig. 2 where mean form thresholds and mean brightness (light) this 
olds are plotted as a function of P/A (for all exposure-times combined) 
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and as a function of exposure-time (for all figures combined). Three 
Separate analyses of variance were made for the independent data derived 
from the performance of each O on the first trial, and the results are pre- 
sented in Table I. The first analysis (for form thresholds) showed highly 
significant variance due to P/A and to exposure-time, but there was no 
evidence of a significant interaction. The analysis for light thresholds also 
showed significant variance due to P/A and to time, with an insignificant 
interaction. 

A third analysis of variance was performed to test the significance of 
the apparent divergence of the curves for form and light thresholds plotted 
as a function of P/A. The measure employed for the purpose was a 


TABLE I 


Anatysis or VARIANCE BASED ON THE Inpepenpent OnsenvATIONs or Exrertment I 
(First trial for each 0) 


Form Light Form—Light 
Source of df 
variation Mean F Mean F Mean F 
square square square 
P/A 4 -3466 — 23.84* -1817 7.95% .1084 4.43" 
Time s 4 "176 12.12* .1757 . 7.50* .oo69 0.28 
P/AXtime 16 0217 — 1.50 .OM9 0.94 .0230 0.91 
Residual 25 .O145 .0234 «0254 


* Significant beyond the 1-% level of confidence. 


difference-score obtained by subtracting the light threshold from the form 
threshold for each O. The results show a significant variance due to P/A 
but not to time, and no significant interaction (Table I). Apparently, form 
and light thresholds for all figures combined vary in much the same 
manner with changes in exposure-time, but form and light thresholds for 
all times combined are differently affected by changes in P/A. It should 
be noted that the mean Curves for all times and for all forms which are 
shown in Fig. 2 are quite representative of the component functions. For 
example, when mean form threshold in relation to P/A is plotted separately 
for each exposure-time, a family of straight lines like the mean curve 
is obtained. When mean light threshold in relation to P/A is plotted 
separately for each time, a family of step-functions is obtained—in each case 
the first two points are found at one level and the last three points are 
Brouped at a correspondingly higher level. Similar consistencies are found 
when form and light thresholds for each figure are plotted in relation 
to time. A 

Several conclusions may be drawn from these data. The linear relation 
between form threshold and P/A provides further support for the concept 
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of diffusion from which it was deduced, and the similarity of these results 
to those obtained in the previous experiment suggests that measurements 
made under the conditions employed have satisfactory reliability. The 
diffusion concept also makes it possible to understand why the brightness 
threshold does not vary with perimeter when atea is constant. Loss occurs 
at the boundaries óf the figure, and small variations in the amount of 
diffusion might affect the boundaries without affecting the ionic concen- 
tration at the center. The effect on the brightness threshold of area per se 
(independently of form) may perhaps be attributed to spatial summation 
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Fic, 2. FORM AND BRIGHTNESS THRESHOLDS AS A FUNCTION OF P/A 
AND EXPOSURE-TIME (EXPERIMENT I) 
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in the afferent pathway and the consequent increase in the density of 
Concentration in the projection area. 

Perhaps the most important conclusion to be drawn from the data con- 
cetns the reciprocal relationship between time and intensity. This 
reciprocity might be explained in terms of the conventional neurophysio- 
logical concept of temporal summation Were it not for the rather extended 
time-intervals involved. From the standpoint of the diffusion model, which 
makes relatively long-term effects understandable, the reciprocity 18 de- 
duced from the assumption that the rate at which ionic substances are 
Produced by stimulation is greater than the rate at which they are dissipated. 
The parallel effects of time on form and brightness thresholds, suggest 
that this interpretation is applicable at both levels. 
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It is rather important to note that the reciprocity between time and 
intensity is qualitative as well as quantitative. Although each form was seen 
at only one exposure-time by each O of Experiment I, subsequent observa- 
tions on changes in form with increasing time of exposure were made by 
trained Os. For example, beginning with a time of 0.2 sec., the small cross 
was exposed at increasing intensities of illumination until a diamond-shaped 
pattern appeared. Then intensity was held constant while time was pro- 
gressively increased. Under these conditions Systematic changes in form 
were observed which corresponded to those resulting from increases in 
brightness—the sides of the diamond became more and more invaginated 
and thus the arms of the cross emerged. 


EXPERIMENT II 


In Experiment I, and in the previously reported experiment,* consistent 
differences in form threshold were found for selected figures of equal area 
but different form, The failure of Helson and Fehrer 5 to obtain comparable 
results may be explained on the hypothesis that repeated determinations 
with the same Os provided coaching in the interpretation of indistinct 
signs and thus yielded an experiment on recognition in which perceptual 
differences were masked. Experiment II was designed to test this 
hypothesis on the ground that if it were proved false—if significant 
differences in form threshold were after all obtainable with repeated 
determinations—more efficient Procedures could be adopted in subsequent 
experiments. 


Observers, Four advanced Braduate students in experimental psychology at the 
University of Texas served in the experiment. All had considerable previous experi- 
ence in psychophysical experimentation, and their vision was either normal or cor- 
rected to normal, 

Apparatus, The apparatus of Experiment I was employed without modification in 
Experiment II. 

Stimuli, Nine figures were used, all of which had been studied in Experiment I: 
large square, diamond, cross, and X (equal in area to 1.00 sq. in.) and small circle, 
Square, diamond, cross, and X (equal in area to 0.25 sq. in.). 

Procedure, With several exceptions, determinations were made in the same mannet 
and under the same conditions as in Experiment I. In the second experiment, unlike 
the first, the Os were informed of the purpose of the research and familiar with the 
figures to be employed. On each trial, three thresholds were determined: the first 
was the light or brightness threshold; the second was the threshold for ‘guessed’ 
form—the level at which the form could be correctly inferred from minimal cues 


“ Bitterman, Krauskopf, ‘and Hochber: 7 
" > B, Op. cit, 205-219. 
* Harrp Helson and E. V. Fehrer, The rôle of form in perception, this JOURNAL, 
44,1932, 79-102, 
Bitterman, Krauskopf, and Hochberg, op. cit., 208-209. 
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ite the fact that it was not clearly perceived (e.g. a figure perceived as an in- 
ed square and estimated to be an X); the third was the threshold for 
form’—the level at which the reported form was perceived in clear, sharp 
ne. Each O served in seven sessions, the first of which was a practice session 
ed to familiarize him with the figures and to stabilize his criteria for the various 
hold levels (particularly the second and third). 
ing each of the six experimental sessions, there were 10 trials. For two of the — 

, only five figures were used in the experiment (large diamond, large X, small 
ire, small square, and small cross). Each figure was presented twice in each 
sion, once at an exposure-time of 0.2 sec. and again at a time of 1.4 sec. (the 
ortest and longest exposure-times of Experiment I). For the remaining Os, all 
of the figures were used. During each session one member of each rotation- 
(e.g. small square and diamond) was presented at 0.2 sec. and the other at 
sec.; the circle was presented twice, once at each of the exposure-times. The 
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Fic, 3. RESULTS OBTAINED FROM REPEATED DETERMINATIONS BY 
SOPHISTICATED Os (EXPERIMENT II) 


Othesis was entertained that the more extensive array of figures, containing 
confusion-pairs as diamond-cross and square-X, would alert the Os and thereby 
ield more precise form thresholds. In all cases the order in which the 10 determina- 
B of each session were made was systematically randomized. 

esults. The results of the experiment are graphically presented in Fig. 
the three threshold levels at each 


all four Os were combined since 


no difference. 
ed in Expeximent I 
. In Experiment I, 
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a strikingly linear relationship between form threshold and P/A was found 
(Fig. 2), but the curves of Fig. 3 are step-functions. Under conditions of 
familiarity with the figures, apparently, form thresholds (like brightness 
thresholds) vary significantly with area but are unaffected by considerable 
differences in perimeter when area is constant. Presumably, as the data of 
Fry suggest,” when the differences in form involve marked differences in 
the magnitude of critical detail, significant variations in form threshold may 
be obtained even with sophisticated Os. Nevertheless, it is clear that the 
use of repeated determinations may introduce serious artifacts. 


EXPERIMENT III 
The third experiment was designed to examine the effect of area on 
form and brightness thresholds. Some evidence for an inverse relation 
between threshold and area has already been described. In the present ex- 
periment, a wider range of forms and areas was investigated. 


Observers, Forty young men and women, students at the University of Texas, 
served in the experiment, They were unsophisticated with respect to the purpose 
of the experiment, and their vision, by their own reports, was either normal or 
corrected to normal. 

Apparatus. The apparatus was the same as that employed in the previous experi- 
ments, except that illumination was Provided by three 100-w. lamps. By the 
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calibrating procedure already described it was found that for the maximum 
diaphragm opening (100 on the linear scale and 2 on the log scale) the luminance 
Pid :020 ft-L. The exposure-time was set at 0.5 sec., and the viewing distance was 

t 

Stimuli. The eight forms studied in the experiment (circle, pentagon, square, 
triangle, L, cross, H, and star) are illustrated in Fig. 4. Each form was photo- 
Etephlcally. reproduced (from a large paper template) in each of four areas— 
0.30, 0.53, 0.94, and 1.70 Sq. in. The maximum lateral dimension represented in 
these figures was 2.5 in. (2* at a viewing distance of 6 ft.). 

Procedure, Eight determinations were made for each O, who encountered each 
of the eight forms only once during the series. Two of the determinaton AAA 
made at each of the four areas. The order in which the forms were presented 
was varied systematically according to an 8 X 8 Latin square, to each row of whieh 
five Os were assigned. Each area as well as each form appeared equally often. 
On each trial, with Combinations of area and form being randomized within the 


* G. A. Fry, The relation of the i y der oie 
visibility, J. Opt. Soc. A mer., 37, roit 2 brightness contrast bor: 


square. The instructions to the Os were the same as those given in the previous 


Results. The principal results of the experiment are summarized in Fig. 
5, which shows form and light thresholds plotted as a function of area 
and as a function of mean P/A for each group of forms of the same area. 
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Fic. 5. FORM AND BRIGHTNESS THRESHOLDS AS A FUNCTION OF AREA 
AND MEAN P/A (EXPERIMENT III) 


TABLE II 
Vartancz Ratio (F) ror Arrar Errzcrs on Licht AND Form THRESHOLDS FOR Each 
Foro or Expermuent IlI* 

Fotm Light threshold Form threshold 
Circle 4-79 4.49 
Pentagon 5.18 34.08 

|uare 7.47 14.54 
Triangle 4.75 7-64 
Cross 3.96 15.20 
L 4.48 12.32 
H 11.04 18.31 
Star 6.82 18.92 


* For 3and 36 df, all values shown in the table are significant beyond the r 
that for the light threshold of the cross, which was significant beyond the 57 level 


The significance of the differences in form threshold and th 
Of the differences in light threshold attributable to differences in area were 
_ mated separately for each form by a simple analys y 
© Tesults of which are presented in Table II. Variance due to area was uni- 
p fotmly significant beyond the 1% level, except in the case of light modus 
~ for cross where significance exceeded the 5% level. e 
The similarity of the curves for light threshold and form threshold 
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experiments. Both brightness and form thresholds were determined for each figure. 


level except 


e significance 


is of variance, the 
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which are presented in Fig. 5 should not be permitted to obscure the | 
that the two thresholds probably are determined by quite diffe 
mechanisms. The results of Experiment I made it clear that the decrease: 
the brightness threshold with increasing area cannot be accounted fo: 
terms of decrease in the relative amount of diffusion (P/A), and the p 
ent results do not make it necessary to alter that conclusion. The lin 
relation between light threshold and mean P/A apparent in Fig, 5 can 
tegarded as an artifact of the inverse linear relation between P/A and 
area which obtains over the range of figures employed in the experi 
The findings of both experiments are thus in accord with the assum p 
that the light threshold is directly influenced by area, and the effect 
understandable in terms of increase in the density of concentration in 
projection area which presumably results from spatial summation in 
afferent pathways. 

The relation between form threshold and area can be explained in t 
of at least three mechanisms, operating singly or in combination. First, 
increase in the density of concentration in the projection area by spi 
summation might be expected to lower the form threshold as well as 
brightness threshold ; the effect in both cases would be analogous to that pro- 
duced by lengthened exposure-time, Second, the linear relation between 
form threshold and P/A might be taken at face value—as a genuine efft 
of change in the relative amount of diffusion. Third, the relation might 
attributed to the change in the magnitude of critical detail which is coi 
lated with area, For the range of figures employed in the experimei 
there is an inverse linear relation between mean P/A and mean perim e 
which (with form constant) provides an acceptable index of the magni 
of critical detail. The separation of these three factors which is achi 
in Experiment IV makes possible an evaluation of their relative importanci 


EXPERIMENT IV 


The fourth experiment was designed primarily to examine the role 
critical detail. The dimensions of selected forms were systematically varied 


with view to sampling the effects of length, thickness, complexity, and 
angular relations, 


Observers. Forty-eight young men and women, students at the University 
Texas, served in the experiment, They were psychologically unsophisticated 
their vision, by their own reports, was either normal or corrected to normal. 

Apparatus. With one exception, the experimental conditions were identical 
those of ‘Experiment III: the viewing distance in Experiment IV was 5 ft. 

Stimuli. The figures employed are illustrated in Fig. 6. Like those of 
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previous experiments they were photographically reproduced from paper templates. 
The group of figures as a whole consisted of four variants of each of six basic 
'forms’—cross, X, L, T, rectangle, and triangle. In Fig. 6, the stimuli (one of 
which appears twice) are arranged in seven series which represent several different 
modes of variation. The dimensions illustrated are relative; absolute values may 
be estimated from the length of the longest rectangle which was 1.0 in. The 
maximum lateral dimension in the group of figures was 1.75 in. (1°40! at a 
viewing distance of 5 ft.). 

In the series of Xs and Ls, the length of the arms increases progressively while 
their thickness remains constant; as length increases, area increases markedly and 
P/A decreases slightly. In the series of crosses, the length of the arms increases 
while the area of the figures remains constant; as length increases, thickness 
decteases markedly and there is a considerable increase in P/A, In the series of 


ttt axxX 
TT Lll r+ 


I] gm = a A Aa 2. 
Fic. 6. THE FonMs OF EXPERIMENT IV 


Ts, the length of the arms remains constant while thickness and area increase and 
P/A decreases. In what was designated the ‘complexity’ series, consisting of L, T, and 
cross (with the L and T being constructed by removing arms of the cross), the num- 
ber of critical details increases; area increases with complexity, while P/A and mag- 
nitude of critical detail remain essentially constant. In each of these basic forms— 
Cross, X, L, and T—the critical detail is a 90° interior angle constituted by two per- 
bendicular arms, and the magnitude of the detail can be estimated in terms of the 
length of the arms. K 

The two remaining series consist of rectangles and triangles. In the series of rec- 
tangles, area remains constant while P/A and length increase progressively. The series 
of isoceles triangles of equal area was designed to study the rôle of exterior angles. 
The diffusion model suggests that the threshold for extremely acute and extremely 
obtuse angles should be high. If the threshold of the triangle as a whole is limited 
by that of the least readily perceived angle, the equilateral triangle should have the 
lowest threshold. 

Procedure. Each O was shown only one varian! 
(making a total of six determinations). Orders of presenta Sab ines 
cach variant of each form appeared equally often on each of the six trials. tim 
of 12 determinations for each variant were made for the group of 48 Os as a whole. 
The instructions were the same as those previously employed, with bogh Tight and 


form thresholds being measured for each figure. 


t of each of the six basic forms 
tion were so selected that 
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seven series was estimated in a separate analysis of variance, the results of 
which are presented in Table III. Variance due to trials was in general in 
significant, both for form and brightness thresholds. Within-series variances 
for the brightness thresholds were, with one exception, insignificant; tht 


TABLE III 
Variance-Ratios (F) ror Licht Anp Form THRESHOLDS IN EACH oF THE 
4 Series or Experiment IV 
Light threshold Form threshold 
Series 5 

Trials Within-series Trials Within-series” 
x 0.94 0.68 . 1.36 18.20* 
L o.81 2.95 1.00 17.02 
Cross 0.85. 0.31 1.38 69. 11 
m 2.598 2.94 2.24 0.88 
Complexity = 1.55 ~ 1.53 


Rect 2.21 3.62} 1.17 1,50 
ome 2.00 0.64 1.00 2.73 
9 df., significant beyond the 1-% level. 

i With 8 df., significant beyond the 1% level. 


* 
E 
ce 
BE 


With 3 and 39 df., significant beyond the 5-95, level. 
With 5 and 28 df., significant beyond the 5^ fo level. 


variance for rectangles was significant beyond the 5-95 level, but the mean 
values (plotted in Fig. 7) show so little order that the result may be re- 
garded as spurious, i 
Inspection of the data on form threshold suggests that the principali 

. Source of variation for crosses, Xs, and Ls was magnitude of critical detail 
(measured in terms of the length of the arms constituting the interior” 
angles). The validity of this conclusion is suggested by the plot of formi 
threshold against length of arm which is shown in Fig. 7; the points 
constituting the three series seem to fit the same function irrespective of 
variations in P/A, area, and thickness, Thresholds for cross and X de- 


SZ 
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the figure as 2 whole (expressed in terms of P/A). The positive relation 
between form threshold and P/A which appeared in the earlier experiments 
of this series was probably due entirely to the correlation between P/A 
and magnitude of critical detail for the figures employed. While the 
results of Experiment IV suggest that the variation of form threshold with 
critical detail is independent of area per se, it is doubtful that the results of 
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Fic. 7, FORM AND BRIGHTNESS THRESHOLDS AS A FUNCTION OF THE MAGNITUDE 
OF CRITICAL DETAIL. (EXPERIMENT IV) 


Experiment III can be explained completely in terms of the correlation be- 


tween area and size of critical detail. In the figures of the third experiment 
the growth in area with linear magnitude was much greater than that in 
the figures of the fourth, and the plot of form threshold against Hess 
Magnitude for the third experiment shows little evidence of the sharp 


leveling which a : the f 

ppears in the plot for the fourth, The cia" ; 
that there is some effect of area on threshold’ which is bmc to 
Spatial summation and independent of the magnitude of criti di 
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For the rectangles, no significant within-series variance was found, but- 
their lengths were such that all of the points fall.on the flattened portion of 
the curve of Fig. 7. (The rectangles were plotted with the other figures 
despite some doubt that their lengths constituted an adequate measure of 
critical detail.) The data for the complexity series showed no significant 
variance in form threshold due to relatively small increases in the number 
of critical details, The within-series Variance for triangles was statistically 
significant; in Fig. 7 the data are Plotted as a function of length of base 
which is directly related to the size of the apical angle. Apparently, angular 
size is an important aspect of the problem of critical detail, extremely acute 
or obtuse angles being obscured more readily than those of intermediate 
value, 

From the data thus far reported, certain general conclusions can be 
drawn: Brightness threshold varies inversely with exposure-time and 
with area, but it is unaffected by rather extensive changes in configuration. 
Form threshold varies inversely with exposure-time, with the magnitude 
of critical detail, and perhaps also with area per se. These results are 
compatible with the theoretical model which stimulated the investigation, 
but the most striking evidence for the validity of the diffusion concept lies 
in the correspondence of systematic distortions in the perception of shape at 
low intensities of illumination and at short exposure-times with the patterns 
of diffusion observed in a physical model. The extensive temporal and 
linear magnitudes more than 1 sec, and almost 1°) found to be effective 
in the experiments also should be noted. These values constitute the princi- 


pal stumbling block to an interpretation of the results in traditional 
neurophysiological terms, 


SUMMARY 
: Foveal form thresholds Were measured in terms of the intensity of 
illumination required to identify luminous figures briefly exposed in a 
dark room. Form threshold varies inversely with exposure-time, with 
magnitude of critica] detail, and to some extent with area. The reciprocity 
of time and intensity is qualitative as well as quantitative; with short 
€xposure-times distortions of form appear which are comparable to those 
obtained at low intensities of illumination, Brightness threshold, like 
form threshold, varies inversely with exposure-time and with area, but it is 
unaffected by extensive differences in configuration. Evidence is presented 


to show that O's knowledge of the forms employed may mask real differ- 
ences in form threshold, » 
LI 
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VARIANCE PREFERENCES IN GAMBLING 
By Warp EDWARDS, The Johns Hopkins University 


For some time economists have known that the subjective value (utility) 
of money is different from its objective value. Recently, I have demon- 
strated that Ss prefer to bet at some probabilities rather than others.* The 
existence of these probability-preferences is most easily accounted for by 
assuming that the subjective values of probabilities are different from theit 
objective values. Consideration of these two facts leads to a simple mathe- 
matical model for predicting gambling decisions. That model is that Ss 
choose among bets in such a way as to maximize subjectively expected 
ulility (SEU). The SEU of a bet is calculated as follows: if U; represents 
the utility of the ith possible outcome of the bet, and P*; represents the sub- 
jective probability of that outcome, then SEU — X P*,U;. Experiments 

i 


have shown that this model predicts choices among simple bets reasonably 
well,? 


Allais and others have hypothesized that people may not only prefer to bet at 
Some probabilities rather than others, but may also prefer to bet at some variances 
rather than others? In other words, some people might prefer bets with high possi- 


* Accepted for prior publication August 1, 1954. This experiment was done 
paces Contract N5-ori-166, Task Order I, between the Office of Naval Research and 
s Johns Hopkins University. This is Report No. 166-I-186, Project Designation 
i 0. NR 1457089 under that contract, Preliminary Experiment I was carried out in 

€ Psychological Laboratories of Harvard University and was partially supported 
"i unds made available from the Laboratory of Social Relations, Harvard Univetsity, 

en its Project on the Nature of Risk and the Theory of Games. The report of 
1 ee iur Experiment I is adapted from part of a doctoral dissertation submitted 
for S University. I am grateful to Mrs. Harriott Quin and Mr. Klaus Rennert 

periment.” and processing the data of Preliminary Experiment II and the Main 

h wn Edwards, Probability-preferences in gambling, this JOURNAL, 66, 1953, 
fist Sironghout the present paper, this experiment will be referred to as the 

ies al ility-preference experiment and will not be separately cited. See also 
itis 5, Probability-preferences among bets with differing SIUS values, this 
thi AL, 67, 1954, 56-67; and Edwards, The reliability of probability-preferences, 

i$ JOURNAL, 67, 1954, 68-95. 
bili or E discussion of the concept of utility, the concept of subjective proba- 
Bull’ p the SEU model, see Edwards, The theory of decision making, Psychol. 
Biss dr ee 380-417. For a report of an experiment testing the SEU model, see 
(ree n attempt to predict {ser decisions, Proceedings of the Dunlap 

a um on Mathematical Models in the Social Sciences (in press). 

im ene Allais, Le comportement de l'homme rationnel devant le risque: Critique 
^D lats et axiomes de l'ecole americaine. Econometrica, 21, 1953, 503-546. 
lein ais, La psychologie de l'homme rationnel devant le risque: Ea théorie et 

lence. J. Soc, Statist., Paris, 94, 1953, 47-73. " 
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bilities of winning or losing, while others might prefer bets with smaller possibilities 
of winning or losing. It is possible, of course, to derive such preferences from 

` appropriately chosen utility or subjective probability-scales, and such a possibility 
is therefore not disturbing, but such preferences might occur even when consideration 
of utility and subjective probability alone would not predict them. This, if true, 
would be disastrous for the SEU model discussed above. 


Tt is necessary to be explicit about the differences among variance-pref- 
erences, utilities, and subjective probabilities, If we ignore subjective 
probabilities for a moment, we can conceive of an expected utility for a 
given bet. This expected utility wjll have a variance associated with it. The 
size of this variance will depend on the probabilities involved and the 
amounts of money involved. If we introduce subjective probabilities into 
this scheme, they will change the size of the expected utility (now a SEU) 


and of the variance, but the variance is still a number, dependent on but 


different from the utilities and subjective probabilities involved. 


PROBLEM 


The hypothesis under consideration is that Ss will prefer to bet at some 
vatiances rather than others. Testing this hypothesis experimentally is a 
difficult problem. It is impossible to manipulate variance as an independent 
vatiable without simultaneously manipulating either utility or subjective 
probability or both. Consequently, it is impossible to make rigorous experi- 
mental distinctions among these three factors. Instead, it is necessary to 
find experimental situations in which positive results can be more parsi- 
moniously explained by means of variance preferences than by means of 
subjective probability or utility functions. This paper will report two pre- 
liminary experiments and one main experiment aimed toward that end. 


METHOD 


Apparatus. The gambling in these experiments was done on a rigged pinball 
machine which has been fully described in the report of the first probability- 
Preference experiment. There are eight cells at the bottom of the machine, into 
any one of which the ball may roll. The Ss are told that the ball is just as likely 
to roll into any one cell as into any other. Actually, the machine is controlled by 
concealed electromagnets and a programmer. The program was completely random 
in the experiments reported here unless otherwise stated. 

Procedure. The Ss were first shown the pinball machine, told about the bets, 
and told that they might either win or lose, but that the situation was biased in 
their favor by $1 per session. This bias was achieved by giving each $ $21 in poker 
chips at the beginning of each session and requiring him to return only $20 in 
chips or in,cash at the end of the session. The Ss knew that if they had less than 
$20 in chips, they were required to pay the difference in cash from their own 
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funds, while they were paid in cash any excess over $20. After-each S had finished 
all experimental sessions, he participated in one extra session. The sole purpose of 
this session was to cause him to win or lose enough money so that he won an 
average of $1.00 per hour for the time he served in the experiment. 


PRELIMINARY EXPERIMENT I 


Subjects. The Ss (11 men) were randomly selected from among the under- 
graduates of Harvard College. They had previously been through the first probability- 
preference experiment, which used the same pinball machine and general procedure, 
and similar bets. 

Bets. Five bets were used. The smallest one read: “If you roll a 2, a 4, a 6, 
or an 8, you win $1.00. If you roll anything else, you lose $1.00.” The other four 
were identical except that they involved possible wins or losses of $2. $3, $4, and 
$5. These five bets were exhaustively paired with one another according to Ross's 
optimal order for pairs in the method of paired comparisons.* 

Procedure, The cards containing these pairs of bets were mixed in with other 
cards used for other experiments. There were four sessions, in each of which every 
$ chose one member of each pair once. 

Results. The main result of this experiment was that choices differed from one 
individual to another. No consistent features of the pattern of choices from person 
to person could be found, Every S, however, was consistent with himself; that is, 
he chose the same things on successive days to the same degree found in the 
previous experiments. These individual patterns of choices could be accounted for 
by means of variance preferences—but they could also have been predicted from 
suitably chosen and reasonable utility curves, without calling, on the notion of 


variance preferences at all. 


PRELIMINARY EXPERIMENT II 


_ The results qf Preliminary Experiment I indicated that, if variances were important 
in determining choices among bets, it would be necessary to make Ss prefer high 
variances at one time and low variances at another time. In other words, it would 
be necessary to demonstrate that Ss would, given an appropriate situation, adopt 
Strategy which centers on maximizing ot minimizing variance. This experiment was 
Undertaken to try out a device for inducing that strategy. d 
Subjects, The Ss (12 men) were randomly selected from among the onpa 
Btaduates of Johns Hopkins University. They had previously served seals eun 
of the original probability-preference experiment and in a military-game situation. 
Bets. The bets, 24 in number, were made with probabilities of winning DES 
from 1/8 through 8/8 at three different expected value levels: T $0.525, — $0.5 i 
as $0.00. For complete table of them, see the first probability-preference expert 
ent, 
Procedure. $ was run as usual except for a change in 
Was now given $6.00 if he won $3.00 or more in chips and was 


tation pf pairs in the method of 


the rules for the payoff. He 
required to pay 


'R. T. Ross i 
i d , Optimum orders for the presen! 
Paited comparisons, J. Educ. Psychol., 25, 1934, 515-382. ee 


s p, sos The reliability of probability-preferences, loc. E à 
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$6.00 if he lost $3.00 or more in chips; no money changed hands if he came out 
between plus and minus $3.00 in chips. There were four sessions. 

Results, The purpose of the special payoff arrangement was to provide Ss with 
inducements to use strategies based on variance differences. If $ adopted the obvious 
strategy, he would choose bets with low probabilities of winning but high potential 
wins (Ze. he would try to maximize his variance) if he was behind in chips by 
$3.00 or more. Similarly, he would try to minimize his variance if he was ahead 
by $3.00 or more. Actually, that strategy was not necessarily the best available to 
him, especially if he knew that he had only a few bets to go in a day's session. It 
is, then, somewhat debatable what optimal strategy would have been toward the 
end of each session. The question, however, is irrelevant, because the results showed 
that no strategy involving variance was used. All the choices could be attributed to 
probability-preferences. 


MAIN EXPERIMENT 


The difficulty with the first preliminary experiment was that it involved 
no particular inducements for Ss to pay attention to variances, and the 
results were too easily attributable to utility functions. The difficulty with 
the second preliminary experiment was that it was not sufficiently sensitive 
to the effects of variance preferences, pre-existent or induced, if such were 
present. The main experiment attempted to deal with both of these prob- 
lems. 

The basic notion underlying the main experiment was that if variances 
are important in determining how Ss choose among bets, then it should be 
possible to demonstrate this fact by arranging situations in which it was 
desirable to prefer bets of either high or low variance. The method of 
payoff described in Preliminary Experiment II was used for this purpose. 
In the main experiment, however, the program for the pinball machine 
Was so arranged that in one part of the experiment Ss were heavy winners, 
hence it was to their advantage to choose bets of low variance; in another 
part of the experiment they were heavy losers, hence it was to their 
advantage to choose bets of high variance. 


Subjects. The Ss (12 men) were randomly selected from among the under- 
graduates of Johns Hopkins University. They were naive about such experiments. 

Bets. The experiment was divided into five divisions of two sessions each. In 
Sessions 1 and 2, the bets used in the first probability-preference experiment were 
again used. This was a replication of the first probability-preference experiment, 
intended to establish the comparability of this sample of Ss to other similar samples. 
In Sessions 3-10, a new set of cards was prepared. Two lists of bets of zero 
expected value were used: a list of high variance and one of low. Table I shows 
these lists. Every bet in each list was paired with all the bets in the other list. 
This should have resulted in 64 pairs, but actually the 8-8 pair was eliminated 
because the two bets are identical, hence there were only 63. Every pair was typed 


VARIANCE PREFERENCES IN GAMBLING 445 


on 3X5 in. cards, the cards were shuffled, and once through the deck completed 
a session. 

Procedure. Except as described below, the procedure was the same as used before. 
In Sessions 1-4, S received what he won or paid what he lost in cash after every 
session. In Sessions 5-10, he was paid $6 if he won $3 or more in chips and he 
paid E $6 if he lost $3- or more in chips. Sessions 3-4 were conducted to familiarize 
S with the new bets, and the results from these sessions are not reported. In Sessions 
5-10, the pinball machine was rigged. In Sessions 5-6, it was so set that $ would 
remain between plus and minus $3 in chips throughout the sessions; in Sessions 
7-8, that $ won heavily at the beginning of the sessions (considerably more than 


TABLE I 
Hicu VARIANCE Bers* 
(x) If you roll a 4, you win $4.20. If you roll anything else, you lose $0.60. (o?=2.52) 
(2) If you roll a 1 or a 7, you win $2.10. If you roll anything else, you lose $0.70. a 147). 
(4 a you roll a 2, a 4, or a 6, you win $1.40. If you roll anything else, you lose $0.84 
= 1.18) $ 
(4) m “4 a2,a 4,2 7, or an 8, you win $1.05. If you roll anything else, you lose $1.05. 
= ILIO 
(5) t you roll a 2, a 3, a 5, a 7, or an 8, you win $0.84. If you roll anything else, you lose 
1.40. (g*— 1.18) 
(6) e you B anything but a 3 or a 6, you win $0.70. If you roll a 3 or a 6, you lose $2.10. 
-147 
(7) If you roll anything but a 5, you win $o.6o. If you roll a 5, you lose $4.20. (032.52) 
(8) Regardless of what you roll, you neither win nor lose. (z*—0) 
Low Varrance Bers* 


The eight low variance bets are identical with the eight high variance bets listed above 
except that each sum of money is only half as large. The variance of each low variance bet is 
one-fourth the variance of the corresponding high variance bet. 


* The variances given above are not, of course, the variances of the SEUs of the bets. The 
variances could not be determined without knowledge of the individual subjective 
probability and,utility curves, and would be different from S to S. Each variance given above 
M, the variance of the objective expected value of the bet it follows. If A and Bare the two 
Possible outcomes, then the objective variance of any two-alternative bet is ^— pd (A— BY. 


$3) and stayed ahead thereafter; and in Sessions 9-10, that S lost heavily (con- 
Siderably more than $3) and stayed behind thereafter. Thus, in Sessions cai d 
should have chosen normally; in Sessions 7-8, he should have tried to Ininimpe 
his variance; and in Sessions 9-10 he should have tried to maximize his variance. 


Results. The design of this experiment violates the independence and 
normality assumptions necessary for analysis of variance. No F-tests can 
be made, It is possible, however, to arrange the results in an analysis of 
Vatiance matrix and to compute sums of squares. In such an analysis, the 
Sources of variance are: Ss; sessions (5-6, 7-8, and 9-10) ; bets of high 
versus low variance; and probabilities. The entry in a single cell in the 
Matrix is the number of times a particular bet was chosen over all others 
With which it was compared by one 5 in one pair of sessions. The sums of 
Squares and the percentage which each is of the total sum of squares ate 
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given in Table II. Since the design of the experiment makes it impossible 
to observe any sum of squares attributable to $ and conditions of payoff, it 
is in their interactions with other variables that the effects of these variables 
should be sought. The most important sources of variance are clearly the 
probabilities and their interaction with Ss. Next comes the interaction of 
Ss with lists of bets. Nothing else is of any size. So far, then, probabilities 
and Ss seem to be very important in determining choices, and variances 
(lists) interact with Ss. It is interesting that there is essentially no inter- 


TABLE II 
Sums or Squares ATTRIBUTABLE TO EXPERIMENTAL VARIABLES 
Percentage of 


Source Sum of squares total sum of 
squares 
o* o 
Payoff conditions (sessions) o* o 
Variances (lists of bets) 169 1.5 
Probabilities 2577 22.7 
SubjectsX sessions o* o 
SubjectsX lists 2243 19.7 
Subjects probabilities 3897 34.3 
Other simple interactions 543 4.8 
All higher order interactions 1933 17.0f 
Total 11362 100 


* The design of the experiment requires that these sums of squares be zero. 
* 1 All E higher-order interactions were calculated. None is individually larger than 1% 
of the tot 


action of lists with conditions of payoff. This is in conflict with the original 
hypothesis that Ss should choose bets of low variance in Sessions 7-8 and 
of high variance in Sessions 9-10. 

Table III shows the mean number of high and low variance choices 
made in Sessions 5-6, 7-8, and 9-10.’ It is immediately apparent that all 
effects are small, but in the expected directions. In Sessions 7-8, Ss chose 
fewer bets of high variance; in Sessions 9-10, they chose more. The differ- 
ence between Sessions 5-6 and 7-8 is insignificant by the /-test; dif- 
ference between Sessions 5-6 and 9-10 is significant beyond the 0.02- 
level. (All 7-tests reported here are two-tailed; however, the use of a one- 
tailed test would not make the insignificant tests significant at the 0.05- 


"Bet 8 of the high variance list is not a high variance bet; it is lower in variance 
than any of the bets from the low variance list with which it is compared. In principle, 
then, it should not be included in scoring the results of the high variance bets. These 
results have been scored both ways, and the pattern of results and significance tests 
come out 2xactly the same way. Consequently, it is included in the high variance list 
in those results reported here. 


B 
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level.) It might be argued that the effects of the different arrangements of 
payoff on choice of bets with high or low variance should not show itself 
until after S’s status of winning or losing is well established and this might 
account for the insignificant results in the case of the winning sessions. 
To check this argument, the individual winning-and-losing records were 
examined, It was found that if only Responses 33-63 were considered, ` 
then all but two of the Ss would be ahead more than $3.00 in chips in 
Sessions 7-8 and behind the same amount in Sessions 9-10. (Complete 
control over the amount of winning and losing during each session was 
not possible, since 5's choices could not be anticipated. All we could do 
was to prepare programs such that the choices we expected would win or 
lose heavily. A few Ss failed to follow our expectations.) The numbers of 


TABLE III | 
Mean Numoers or Cuorces or Bers or HicH AND Low VARIANCE 
Sessions 
Variance EO ee ae EE 
56 T3 5510 
High 28.5 26.5 32.9 
Low 34-5 36.5 30.1 


choices high and low variance bets among Responses 33-63 of each 
session were, therefore, tabulated. The pattern was the same as in Table 
Ill and the results of the /-tests were unchanged, except that the level of 
significance of the comparison between Sessions 5-6 and 9-10 rose to 
0.001. The difference between the percentages of choices of high variance 
in Sessions 5-6 when all responses are considered and when only Responses 
33-63 are considered is insignificant. The same is true for Sessions 7-8. 
The corresponding difference for Sessions 9-10 is significant beyond the 
0.02-level in the expected direction. ; à 
So far the results show that only very small (though in some cases sig- 
nificant) effects of the experimental conditions on variance preferences 
can be found. A picture of variance preferences uncontaminated by proba- 
bility preferences might, however, show more effects. Fortunately, this 
picture can be obtained from the data. In evety session there were seven 
choices between two bets with identical probabilities but different amounts 
of money (and, therefore, different variances). Table IV shows the total 
numbers of such choices for every 5 for the different sessions. The total 
number of bets of high variance chosen is somewhat greater in the winning 
Sessions and considerably greater in the losing than in the ee 
Sessions. The increase in bets of high variance from Sessions 5-6 to 7-8 is 


n 
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inconsistent with prediction and with the data when all bets are considered. 
It is not, however, statistically significant. The increase from Sessions 7-8 
to 9-10 is significant beyond the 0.01-level. 

The totals at the bottom of Table IV are somewhat misleading. The 
main fact to be learned from this table about Sessions 5—6 and 7-8 is that 
most of the Ss preferred bets of either high or low variance rather con- 
sistently when probabilities are held constant. (This finding is exactly 
analogous to the results of Preliminary Experiment I.) A total Chi-square 


testing whether these individual choices are significantly different from © 


TABLE IV 


Numsers or Cuxorces or Bers or Hic anp Low Variance rrom Pairs or Bets 
with Equat Propasiuities wiTHtn EAcH Parr 


Sessions and Variances 


S 5-6 78 9-10 
high low high low high low 
1 14 o 14 3 XX 
2 o 14 2 12 5 9 
3 I 13 3 II " 7 
4 14 o 14 o 14 o 
5 12 2 14 o II 3 
6 3 7 9 5 10 4 
7 3 Ir 6 8 8 6 
8 o 14 2 12 7 7 
9 H 13 o 14 5 9 
10 8 6 3 11 4 10 
n o 14 o 14 6 8 
12 2 12 2 12 8 6 
Total 48 120 55 113 88 8o 


50-50 comes out at 110 for Sessions 5-6 and 102 for Sessions 7-8, both 
of which with 12 d.f. are significant way beyond the 0.001-level. In Ses- 
sions 9—10, the Ss were much less consistent in their preference of high ot 
low variance bets. The total Chi-square is only 32, which is significant at 
the 0.01-level. The evidence of this analysis, then, is that Ss did have pref- 
erences for one variance over another when the factor of probability 
preferences was eliminated from their choices, that these preferences dif- 
fered from S to S, and that they were affected by the traumatic experience 
of frequent loss in Sessions 9-10, The nature of this effect is an increase 10 
preference of high variance bets, as predicted. 

Probability-preferences. All the evidence shows that the most important 
variable in determining choices in this experiment was that of probabilities. 
In the fitst two sessions, when all Ss were run on the old probability-pref- 
erence bets, they showed patterns indistinguishable from those obtained 
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in the original probability-preference experiment and its replication. It 
remains to inquire whether that pattern can be recovered from the data of 
Sessions 5—0. Fig. 1 shows the number of times each bet of high variance 
was chosen over all others with which it was compared, divided by the total 
number of choices of bets of high variance; Fig. 2 shows the same thing 
for bets of low variance. It is evident in both figures that the pattern of 
probability-preference made familiar in previous experiments emerges from 
this one, even though the kinds of choices available in this experiment are 
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PROBABILITY OF WINNING 
FIG. 1. PROBABILITY-PREFERENCES FOR BETS OF HIGH VARIANCE 
so different. The same peak at 4/8 probability of winning, and valley at 
6/8, appear. The only anomaly is the valley at 7/8, and even that valley 
appeared in the results of the replication of the original probability-prefer- 
ence experiment, when Johns Hopkins students were used as Ss. 
Examination of individual records makes it even clearer that probability- 
preferences were the dominant factors in determfning choices. For instance, 


© 


* Edwards, The reliability of probability-preferences, loc. cit. 
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the choices between bets with equal probabilities account for about one- 
third of the difference between the bets of high and low variance even 
though they are only one-ninth of the total number of choices, In short, 
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Fic. 2. PROBABILITY-PREFERENCES FOR BETS OF Low VARIANCE 


when the factor of probability-preferences is allowed to operate, it strongly 
ovetrides the effect of any variance preferences which may exist. 


Discussion 

The main finding of this experiment is that even in circumstances where ~ 
the variances of bets are supposed to be especially important, probability- = 
preferences are the main determiners of choices among bets. Small effects 
of conditions of payoff on the numbers of choices of high and low variance — 
bets can be demonstrated, and some of these effects are statistically signifi- 
cant, but they are very small relative to the size of the effects of probability- 
preferences. 

When the effects of probability-preferences are held constant by con- - 
sidering only choices between pairs of bets having the same probabilities, 


SS ) 


VARIANCE PREFERENCES IN GAMBLING 451 


the existence of variance preferences can, however, be more definitely 
demonstrated. Some Ss prefer bets of high variance; others of low variance. 
These preferences are rather sharp and are not correlated with the proba- 
bilities or amounts of money involved. An attempt to construct utility 
curves which would predict them for several Ss indicated that it cannot be 
done; the necessary utility curves have entirely too many inflection-points 
to be reasonable. These variance preferences are not much affected by the 
winning program applied to the pinball machine in Sessions 7-8; but they 
are substantially disrupted by the losing program applied in Sessions 9-10. 
The nature of the effect is, as strategic considerations would predict, an 
increase in choices of bets of high variance in Sessions 9-10. Examination 
of total choices shows an insignificant decrease in high variance choices in 
Sessions 7-8, but choices only among bets with the same probabilities show 
an insignificant increase. In any case, it is clear that losing has much more 
drastic effects on variance preferences than winning. 

How do these variance preferences affect the subjectively expected utility 
model discussed in the introduction? It seems likely that they are relatively 
unimportant. The evidence of this experiment strongly suggests that vari- 
ance preferences are a secondary factor in determining choices among bets, 
important only when probability preferences (subjective probabilities) have 
been held constant. It is an experimental question, not answered in this 
experiment, whether variance preferences are also secondary relative to 
utilities, 

A purist can complain that this experiment fails to demonstrate conclu- 
sively that the effects which are being attributed to variance preferences 
should not be attributed to utilities instead. This is true, An attempt to 
construct utility curves which would predict choices among bets with the 
same probabilities resulted, however, in very implausible utility curves. It 
is very difficult, furthermore, to see why the difference between the various 
payoffs should result in differences in the utility curves which would lead 
to the observed differences in choices, while it is very easy to see why the 
differences in payoff should lead to changes in variance preferences. In 
short, although variance preferences are not the only possible explanation 
of the results of this experiment, they seem to be the most parsimonious. 


SUMMARY 


Previous experiments suggest a mathematical model for predicting deci- 
people so choose among bets as 


sions among bets. This model asserts that P3 x 
to maximize subjectively expected utility. The possibility R gle Be, 
that people also prefer some bets to others on the basis of their variances, 


D 
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in addition to the utilities and subjective probabilities involved. This, if 
would be damaging to the model. 4 

"Two preliminary experiments failed to demonstrate the existence of 
variance preferences. In the main experiment, Ss were required to choos 
between bets with high and low variances. The most significant variabl 
determining choices was the probabilities involved, and the probabilit 
preferences found were essentially the same as those found in other expeti 
ments. When probabilities were held constant, however, the choices did 
reveal the existence of variance preferences. The introduction of condition 
making high variance desirable produced more bets of high variance, bi 
the introduction of conditions making low variance desirable did not pro 
duce more bets of low variance. This is due to the fact that Ss tend 
change their habits when they lose money, but not when they win. 

lt is concluded that variance preferences exist, but they are second 
in importance as compared with probability preferences. 


TRANSFER AND GENERALIZATION OF THE INHIBITORY 
POTENTIAL DEVELOPED IN ROTE SERIAL LEARNING 


By T. G. ANDREWS, SOLOMON SHAPIRO, and CHARLES N. COFER, 
University of Maryland 


There is a large body of knowledge about the positive effects in transfer 
of training, but there is relatively less information available regarding 
negative or interference-factors in transfer. Quite apart from the experi- 
mental problems of transfer of training, there has appeared a series of 
investigations following the formulations of Hull and his associates re- 
garding the development of inhibitory potentials during the learning 
process.’ Such postulated negative potentials may serve to describe certain 
situations in the transfer of training in which negative effects are obtained. 
Also the concept of negative potential may be useful in experiments de- 
signed to analyze the possibilities of true negative transfer, as studied by 
Bills and McTeer.? 

The purpose of the present investigation was to determine whether the 
negative potential, assumed to develop in rote serial learning, would 
transfer to identical and to similar stimulus-items in subsequent paired- 
associates learning. The inhibitory potential has been postulated in part 
to account for the phenomenon found in serial position, as graphically 
described by the bow-shaped curve of serial position, and it has been 
useful in offering an explanation for the differential ease of learning the 
items in a serial list. Hull and his associates have referred to the inhibitory 
effects as resulting from the presence of an inhibitory potential, whichithey. 
have related to an assumed principle of ‘inhibition of delay.’ It is of 
theoretical interest to determine whether the inhibitory effects would carry 
over to situations other than those in which they were developed. y 1 

Other explanations have been offered for the intraserial differential 
difficulty Hull's formulation regarding inhibitory potential is used in 
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the present investigation because of its implications for transfer of trainin 
and its position in modern learning theory.’ 

The general situation was arranged to have S learn a series of nons 
syllables and then learn a set of paired-associates in which the stim 
items in the pairs were taken from the original serial list and were 
associated with new response-items. Within this general experiments 
situation, the major hypotheses tested were: 

(1) Those syllables learned near the middle of the serial list will b 
more difficult to learn in immediately subsequent presentation by paire 
associates. This hypothesis predicts the transfer of inhibitory potential. 

(2) The more central syllables in the serial list will be relatively mi 
difficult to learn than those near the ends when learning the pai 
associates follows immediately after the serial learning as contrasted t 
the effects of a longer intervening delay between the two learning expet 
ences. This prediction is based on the supposed rapid dissipation 
sidered as a characteristic of the inhibitory potential, 

(3) Syllables which are either phonetically or physically similar in af 
pearance will also demonstrate comparable difficulties in the learning 
a second set of verbal materials. This hypothesis is important in rela 
to transfer studies in general, in that it involves investigation of 
extent of generalization of the transferred inhibitory potential to si 
items, 

: METHOD AND PROCEDURE 

Subjects. The Ss were 48 elementary school children selected as homogeneous 
superior with regard to measures of IO, reading ability, and teaciier reports 0 
"coóperativeness' and ‘interest,’ The age-range was 9 to 13 yr. The Ss were randoi 
assigned to the experimental conditions described below, but the assignments Wél 
controlled to allocate an equal number from each sex to each experimental grou! 
_ Apparatus. The same apparatus was used for both the serial and the pai 
associates learning. It consisted of a vertical frame with a 4⁄2 x 13Y2di 

` aperture, the right half of which was covered by a hinged plate which could 
raised manually by a lever to expose this side. Slots in the rear of the frame wi 
arranged to hold a series of cards, 7 X 1354-in. in size. Only the left side of 
aperture was used for presenting the serial learning lists. The right side was exposed 
to present the response syllable in learning by paired-associates. ` 
The syllables were printed in black letters 15 in. in height in the centers of the 
exposed portions of the white cards. Leroy Lettering Set templates aided to insute 


uniformity of the printed materials. An electronic metronome was used by E ; 
timing the presentation of the stimulus-cards. : 


Experimental design and structure of the stimulus-cards. The Ss all wor! 


* Hull, The conflicti sychologi: i t, Psychol. Rev. 
1935: 491-516; Mau DREAM of learning—a way out, Psy 7 
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according to the following outline: practice learning period, serial learning, paired- 
associates learning. Five pairs of letter-number combinations were learned in the 
practice stage, and these were the same for all 5s. The material used in the serial 
learning and the final paired-associates learning is shown in Table I. Twenty-six 
of the 32 nonsense syllables in Table I have appeared in previously published lists 
of nonsense syllables having low association value? The remaining six syllables 
needed were approved by six judges as probably not having high associative value. 
In accordance with Hovland's procedure, the syllables in this experiment were pro- 
nounced and not spelled aloud. 


TABLE I " 
Nonsense SYLLABLES Ussp IN SERIAL AND PAIRED-ÂSSOCIATES LEARNING 
Stimulus-members of paired-associates Changes in original syllables 


to produce related syllables 
Uri jinal* Related Paired- 
a associate 
condition ^ condition condition condition iti Tesponse 
AUD BYE CHF B&B em member 
homo- phys. homo- A 
phones sim. phones phyigsim: 
FEX FAXt PEMf vowel both consonants BUVT 
TOJf TUJf MOG vowel both consonants ont 
PEJt DEJf JEP} Ist. cons. cons. reversed WOB: 
BIK BIQ} KIBt 2nd. cons, cons. reversed PAFt 
MIBt MIPt MIFf and.cons. and. cons. KEV} 
VOF} VOVt VUP and. cons. vowel. & 2nd. cons. TAHT 
ZETŤ ZEDt ZAL ‘and. cons. vowel & and. cons. NIZ} 
COZ KOZ CAXt ist, cons, vowel & and. cons. LEBf 


* Syllables used for the serial learning. 
1 Contained in published lists of low associative value. ^ 


The syllablés in the first column of Table I served a dual purpose. They were 
learned by all Ss in the serial learning and were the stimulus-items for the subse- — 
quent paired-associates for experimental Groups A and D, as described below. The 
syllables in the second column were chosen as being phonetically similar to those 
in the ‘serial list and were learned as stimulus-members in the paired-associates 
learning by Groups B and E. The third column of Table I contains the syllables 
constructed to be physically similar in appearance to those in the serial list and were 
learned as the paired-associates stimulus-items for Groups C and F. For each trio 
of syllables on the same row in the first three columns of Table I, the same paired- 
associate response-member was used, and these are contained in the last column of 
Table I. The fourth and fifth columns of this table indicate the nature of the change 
in the syllable of the first column in order to produce the forms shown in the second 


and third columns used as homophones and as physically similar stimuli. 


S E R. Hilgard, Methods and procedures in i [oy Ch. 15 in 
- S. Stevens (ed.), Handbook of Experimental Psychology, $ RT 

'C. I. Hovland, imei studies in rote-learning theory. o UA 
ides learning by massed and distributed practice, J. Exper. Psychol‘; 22, 1938, 


456 ANDREWS, SHAPIRO AND COFER 


CC mmt 


Eight different orders of the eight syllables were used in the serial learning, and 
the Ss were randomized with regard to the order group into which they were. 
assigned. Each order group was equally represented in each of the six experimental 
groups. These experimental groups for the paired-associates learning were arranged) 
as follows, with eight Ss in each group. =: 

In each of the experimental groups there was one $ from each of the order groups 
as described above. In Conditions A, B, and C, the paired-associates learning followed 
the serial learning by approximately 4 sec. In Conditions D, E, and F, a 24-hr, 
interval separated the serial from the paired-associates learning. In learning the pairs 
each $ was presented as stimuli the items he had previously learned in Positions 
2, 5, 5, 6, and 8 of the serial list or variants of these stimuli according to whether? 
the $ was in the ‘identical, homophone, or physically similar" group. It was judged” 
that five pairs of items in Paired-associates learning would be optimal for a group 
of Ss of the age group used in this experiment, and the particular serial positions 


TABLE II | 
EXPERIMENTAL CONDITIONS 
Time after serial learning 


Stimulus-form 
immediate 24 hr. interval — — 
identical A D 
phonetically similar (homophones) B E 
physically similar in appearance [e] F 


of the syllables chosen allowed sufficient data to be obtained regarding position 
effects to test the experimental hypotheses adequately. 

Procedure, The Ss were dealt with individually and practice periods were given 
in learning letter-number combinations. Detailed but routine instructions were given 
regarding the procedure for serial learning and for paired-associates learning. Because 
of the ages of the Ss, considerable attention was given to the instfuctions and to 
ascertaining that all Ss understood the procedure exactly. The experiment was con- 
ducted as a challenging game for the Ss, and in the final stage of paired-associates 
learning the Ss were acting to "try to beat the flap" that opened to expose the 
response member of each pair. 

The syllables of Column 1 in Table I were presented as the list for serial learning 
and in different orders for the various Ss. These eight orders were so arranged that | 
each syllable occupied each position only once and followed each of the other sylla- 
bles only once. The serial list of eight nonsense syllables was presented at the 
Constant rate of 2 sec. per syllable with a delay of 6 sec. between the terminal 
syllable and the cue syllable. Incomplete learning was desired and so the serial 
learning was terminated for each $ when he had given five correct anticipatory 
responses from the possible eight responses in the list. Records were kept of trials 
and syllable errors by an independent observer. 

The paired-associates learning began immediately for three groups and was delayed - 
24 hr. for three Broups. The stimulus-pairs for any one $ were determined by the 
Serial group and the experimental group to which he had been randomly assigned. 
The. pairs to be learned had as their stimulus-members the five syllables learned in — 
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Positions 2, 3, 5, 6, and 8 or the variants of them according to the experimental 
design above. For all Ss the respective five pairs of syllables were presented in the 
apparatus at the rate of 3 sec. for the stimulus-member and 3 sec. for both the 
stimulus- and response-members together. The order of presentation of the pairs 
varied from trial to trial. The method of adjusted learning was used for the paired- 
associates, and each syllable card was removed from the presentation system when the 
response had been correctly anticipated three successive times. Complete records 
of trials, correct responses, and errors were made by an independent E. An error 
was taken as an omission or any incorrect substitution. Errors were used for final 
measures instead of correct responses or correct responses-minus-errors. 


RESULTS 


The errors in the serial learning and paired-associates learning were 
separately analyzed. Analysis of the errors for each of the eight positions 
in serial learning showed that positional differences were significant and 
that the mean total error scores for the eight positions are desctibed by 
the bow-shaped function found in previous studies.) Critical to our in- 
vestigation, however, is the persistence of the bow-shaped error-function 
through the criterion trial of serial learning. Error responses on the last 
trial were therefore subjected to a separate analysis. Table III contains the 


TABLE III 


Mazans AND SrANDARD Deviations or Torar Errors ror EacH SYLLABLE 
POSITION ON THE CRITERION TRIAL 


Position in the serial list 


I 2 3 4 5 6 pl 8 
mean : .o6 .r .29 .64 67 60 .23 .00 
SD .o8 S .81 1.56 1.58 1.47 65 109 
tank order 2 3 5 7 8 6 4 I 


Summary data regarding errors on the last trial. Complete analysis of 
vatiance was made for the last trial errors, Position effect was found to 
be significant at the 1-% level. The tables for these data are not presented 
here because of their complexity of detail and because the particular 
analyses are not of primary importance in the study. The results substanti- 
ate the presence of differences in syllable position learning immediately 
Prior to the presentation of the paired-associates. : 

The six experimental conditions of the paired-associates learning per- 
mitted the investigation of the two primary experimental vatiables: (1) 
two conditions of time-delay between the learning sessions; and (2) three 


*C. I. Hovland, jbid; Hull et al, op. cit; L. B. Ward, Reminiscence and rote 
learning, Psychol. Monog., 49, 1937 (No. 220), 164 
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appearance. In analyses of such data the problem becomes one of choosing 

a sufficiently sensitive dependent variable. Not all of the measures of 
learning efficiency available on the paired-associates items would be 
sensitive enough to reflect transfer effects because of the rapid decay of 
the inhibitory potential developed during the serial learning, Complet 
analysis of the total errors to criterion did not indicate a significant post 
tion effect in all groups, probably because any transfer or generalization 
of negative potential did not extend through the period of learning the 
five paired-associates to criterion. In this analysis of total errors the time 
delay factor was statistically significant at the 5-% level. 
Because of this contamination in the measures of total errors to criterio! n, 

the dependent variable of errors within the first four trials of the paired» 
associates learning was used. This measure was based on the assumption” 
that the inhibitory potential, if present, should be at its maximal streng h 
immediately following the serial learning. This consideration was indicated 
by Hull's 13th postulate which describes inhibitory potential as dissipating: 
rapidly in time.? Also Ward's studies on reminiscence indicate that the 
maximal dissipation of the inhibitory potential occurs within a period of 

2 min. following the terminal serial learning trial.1° Under the experi- 
mental condition of immediate paired-associates learning in this study, the” 

~ first four trials of the five pairs of nonsense syllable were completed = 
within approximately 142 sec, after the last trial of serial learning. This 
feature is the justification for analyzing the first four trials of paired ) 
associates learning, i.e. they were completed within a time-period approxt- 
mately the same as that found by Ward for dissipation of inhibition: 
Actually, a Separate analysis was carried out for the first trial of learning 
by paired-associates with results similar to those found for the first four 
trials, 3 
The means and $Ds of the error responses during the first four trials by” 
paired-associates for the six experimental groups are shown in Table IV. 
according to the position occupied by the stimulus-member in the original 
serial learning. Each mean entry in Table IV, is based on an N of eight 
Ss with each S. having learned a different pair of nonsense syllables. The. 
five position mean values for each experimental condition are shown 
graphically in Fig. 1. Inspection of the graphs in Fig. 1 reveals that three” 


° Hull, et aL, op cit., 67. 
"Nard, op. cit, 63 f. 
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curves, for Conditions A, B, and D, have bow-shapes similar to those found 
for serial position effects. The curve for Condition A is the most similar 


TABLE IV 


Means AND SDs or Errors Osratnep Durine First Four TRIALS FOR 
THE Six Parrep-AssoctaTes CONDITIONS 


Position in serial list Vp by identical or 
8 


similar syllable as that of stimulus-member 
Condition 
2 3 5 6 8 

A identical M 2.12 3-12 3.50 3.25 2.75 
E SD 2.21 1.70 2.00 2.35 1.87 
B B homophones M 2.62 3.37 3.62 35.75 3.00 
i SD 1.97 1.97 1.97 1.23 2.00 
C phys. sim, M 3.50 3.62 3.37 2.87 3.25 
SD 2.45 1.37 2.42 2.98 1.87 
D identical M 3.50 3.62 3.87 3.50 3.50 
5 SD 2.00 1.32 -94 2.45 2.83 
RSR homophones M 3.87 3.62 3.50 4.00 3.87 
X SD 94 1.37 2.45 +00 +94 

q \ 
F phys. sim. M 3.87 3.00 3.62 3.50 3.37 
SD -94 3.74 1.97 2.00 2.42 


i 
; 
4 


m 


.Errors 


6 8 5 253/568 


Positions 


Fic. 1. MEAN ERROR RESPONSES OBTAINED DURING First 4 TRIALS OF 


a PAIRED-ASSOCIATES LEARNING FOR EACH ae uae. per MM 
le fir 1 H ; "a or homophones, and third £ 
st graph is for the identical condition, second fi pl diately successive 


physically similar stimuli, The heavy lines are for the imme 
learning, and the dotted lines are for 24-hr. delay. 


23-5 5B 


to the expected function in that its maximum is for Position 5, while the 
maximum for Condition B is found at Position 6. _ 

The analysis of variance was used to test the significance of the data 
shown in summary form in Table IV. Bartlett's test gave no reason to 
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reject the hypothesis of homogeneity of variance. The full analysis of the 
data inappropriately pools the radically different conditions of the time 
delay with measures of position effect and serves to mask the more im- 
mediate effects of position differences within the condition of immediatel 
successive learning. This general analysis was performed, however, for 
the data on the first four trials of the six experimental conditions for the 
paired associates, This analysis is shown in Table V, where it is seen that 
time-delay effects and position-time interaction were statistically significant, 
In the light of our hypothesis that the positional effects, indicating 


TABLE V 
"ANALYSIS oF VARIANCE ror Errors DuxiNG First Four TRIALS OF THE 
IRIMENTAL CONDITIONS 
Source of variation df Mean square By 
position 4 .88 1.40 
time 1 11.27 19.10f 
form M 2 1.25 3.13) 
position time 4 1.74 2.95 
position form 8 E 1.20 
timeX form 2 1.40 2.20 
position timeX form 8 1.02 1.73 
within subgroups (error) 210 +59 
Total 239 
* Significant beyond the 5-% level of confidence. 
T Significant beyond the K4 level of confidence. 


carry-over of the inhibitory potentials, would vary as a function of the $ 
experimental conditions, a non-significant F-ratio would be expected for 
the total analysis in which the position effects for all six conditions were 
Pooled, Substantiation of this interpretation is available from the sip 
nificantly greater variance attributable to the interaction of time and post 
tion. This interaction indicates that there was a greater differential between J 
the position means when the pairs were learned immediately following 
the serial learning than under the condition of 24-hr. delay, a result to 
be expected according to the general hypotheses under investigation. 

To explore further the implications of the significant interaction of 
time and position, an analysis of variance was conducted for each condi- 
tion individually, Position was the independent variable tested for each 
condition. Based upon 4 degrees of freedom, the position mean squares 
were compared with the within-group variance for each condition. The 
relevant data of the six analyses are presented in Table VI. In thís more 
detaile& and more appropriate analysis significant F-ratios were obtained 
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for the variances attributable to syllable position differences for Conditions 
A and B, both well beyond the 5-9% level of confidence. The two bow- 
shaped curves of the position means expressed in terms of error-responses 
obtained during the first two minutes of the paired-associates learning 
(Figure 1) may therefore be considered as indicating significant trends. 
The trends shown in the curves for Conditions A and B are in agreement 


TABLE VI 


Ratios or Postrion-Vartance Wirury Grour-Variance, Decrees or FREEDOM, 
AND F-Rarios ror THE Error Responses Osramep Durin First 
Four TRIALS ror Aut EXPERIMENTAL CONDITIONS 


Condition Variances df F 
2 A identical 2.29/.59 4/35 3.88f 
[ B homophones 1.71/.49 4/55 3.49" 
5 (ol phys. similar .66/.75 4/35 cal 
E D identical .21/.59 4/35 ay 
ke E homophones .34/.27 4/55 1.26 
8 F phys. similar .84/.82 4/35 T03. 


* Significant beyond the 5% level. 

T Significant beyond the 1% level. 
with our prediction based on the presumed transfer and generalization of 
the inhibitory potentials generated in the serial learning. 

As a further way of analyzing the data and as a more extreme test for 
the relative significance of the experimental factors introduced, the ex- 
perimental condition of physically similar syllables was eliminated and 
the remaining sources of variation tested. These results are shown in Table 
VIL This procedure of eliminating experimental conditions for clearer 
demonstration. of significant results is not recommended as a generally 
Valid procedure, and it is to be used with caution. Table VII, however, 
again indicates the significant effect of the serial position in which the 
Stimulus.syllables had been originally learned, and it also demonstrates 
the fact that the effects generalize to homophones of the original syllables. 


DISCUSSION 
Though the data and results obtained here may be interpreted in terms 
of positional-difficulty in rote serial learning, we believe that an interpreta- 
tion in terms of an inhibitory potential is the more theoretically sound. 
It is from this position that much of the currently available experimental 
data and extensive theory have been developed. Qmm. 
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the hypothetical inhibitory potential to the effect that, within limits 
will transfer to new situations and will generalize to stimulus-objects on 
gradient of similarity. The evidence appears to confirm these pos 

The phenomena of transfer and generalization of the inhibitory pote 
appear to be important in terms of theoretical interpretations of learnil 
behavior. Under the conditions of this experiment, however, the evid 


available indicates that while these characteristics of the inhibitory potenti 


TABLE VII 


Anatysts or VARIANCE or Errors DuniNG Finsr Four Trrats or PARED- 
Associates Learnie Unper Connrrions A, B, D, AND E 


Source of variation df Mean squares F 
position 4 2.00 4.12 
time I 13.22 26. 98) 
form I 2.50 5.10 
position time 4 1.90 3.88f 
positionX form 4 .51 1.04 
timeX form 1 E ru 
position timeX form 4 E [ry 
are . 4o -49 22 

Total 159 

* Significant, 5% level. 
t Significant, 1% level. " 


are definite they are short-lived. This is evidenced by the lack of an 
differential effects after a period greater than 2 min. Because of th 
temporal limitation, these characteristics of transfer and generalizati 
may not be useful in general descriptions of negative transfer and int 
ference, 

The later formulations by Hull regarding the mechanism of inhib’ 
emphasize the attachment of the negative potential to the response mé 
ber in associative learning.?? It is obvious from this formulation and fi 
the results of the present experiment that a further investigation is nee 
to determine the extent of transfer and generalization of inhibitory 
tential associated with response members in paired-associates lea 
From the experimental results obtained by Underwood it is judged tl 
significant effects may well occur in transferring and generalizing inhibito 


7 Hull, et al, op. cit, ^ 
* Hull, Principles of Behavior, 1943. 
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potential from serial learning to the response members in paired-associates 
learning.'? 
SUMMARY AND CONCLUSIONS 


Forty-eight school children learned a serial list of eight nonsense 
syllables to a criterion of partial learning. Following the serial learning the 
Ss learned sets of five paired-associates. The stimulus-members of the paired- 
associates were chosen from the 2nd, 3rd, 5th, 6th, and 8th positions in 
the original serial list. The $s were divided into six experimental groups 
with respect to the factor of similarity of the new stimulus to items in 
the serial list and with respect to the delay in time before beginning the 
paired-associates learning. The following relationships obtained for the 
six groups: identical-immediate; identical-delayed; phonetically similar- 
immediate; phonetically similar—delayed; physically similar-immediate ; 
and physically similar-delayed. 

Within the first four trials of the immediately following paired- 
associates learning, significant effects of transfer for the identical syllables 
and significant generalization to the homophones were demonstrated. 
Within the framework of this experiment, the following conclusions are 
presented. 

(1) Inhibitory potential developed in rote serial learning transfers to 
new learning situations. 

(2) Such inhibitory potential generalizes in verbal learning on the 
basis of the homophony of the material. f 

(3) The transfer and generalization of the inhibitory potential are 
short-lived and do not occur after approximately 2 min. following the 
original learning. T 

(4) Inhibitory potentials thus appear to have significant characteristics 
beyond those originally postulated in learning theory. 


"B. J. Underwood, Associative transfer in verbal learning as a function of re- 
De similarity and degree of first-list learning, J. Exper. Psychol., 42, 1951, 


THE INFLUENCE OF PHOTOMETRIC BRIGHTNESS 
ON JUDGMENTS OF SIZE 


By Epwarp J. ROBINSON, Boston University 


Interest in the effect of brightness upon judgments of size antedates 
the science of psychology. While many writers have stated that brighter 
objects tend to appear larger, no systematic relationships are reported in 
their studies. The two studies which have direct bearing on the problem 
are inconclusive and contradictory.? Holway and Boring found that theit 
largest brightness difference produced approximately 25% error in equating 
a variable with a standard light source, Pheiffer, on the other hand, found 
his largest brightness difference produced approximately 3% error. In 
addition, he noted that the brighter object did not appear larger for all 
the standard stimulus-sizes used. 

Two experiments are teported here. The first is concerned with the 
effect of photometric brightness on judgments of size under binocular 
and monocular conditions. The second experiment was designed to deter- 
mine whether the relationship in the first experiment obtains for various 
absolute levels of photometric bri ghtness.* 


METHOD 
Abparatus, The apparatus is Pictured in Fig. 1. Basically it consisted of two 


» Accepted for publication August 5, 1953. This study is based on a dissertation 
submitted to the Graduate School of Boston University in partial fulfillment of the 


464 


INFLUENCE OF BRIGHTNESS ON SIZE 465 


stimulus-lights and O's station.“ O's head was held firmly in position by a modified 
welders mask. A hinged opaque window in the mask, which could be opened 
and closed by O, permitted him to view the stimulus-lights at will. On the left and 
just below the mask there was an intercommunication unit through which O could 


Fic. 1. GENERAL LAYOUT OF THE APPARATUS 


speak to E who was located behind the two lights. The apparatus was in a light- 
proof room. 

Both stimulus-lights were evenly illuminated disks, 
at a distance of 25 ft. from O. They were at a fixed dis 


spatially fixed, and located 
tance to exclude accommoda- 


5 its appearance to the subject. The term ‘brightness’ will be used as a contraction 
photometric brightness.” ; 

a € apparatus was designed by John Coules and E. J. Robinson fof a program 
Of research in visual discrimination. 
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tion as a variable, The light on O's left, fixed in size, was the standard (SL) 
on his right, variable in size, was the variable (VL). Each light had a woo 
housing and a system of Projecting tubular baffles. The tubular baffles were 
to eliminate stray light from the test-room and to protect O from unwanted 
Each baffle tube, 25 in. in length and 6 in. in diameter, was made of black paj 
bakelite. Five circular aluminum baffles, with 2.9-in. diameter opening in the cei 
of each, were placed at 5-in. intervals throughout the length of each tube. The enti € 
apparatus was painted a flat black inside and out. 1 
The lamps (6-v., 3.75 amp.) within each housing unit were mounted on a rotata 
ble supporting base because the filaments of the lamps produced a dark spot on the 
opal disks. Thus the lamps could be rotated through 360° and homogeneous illumin - 
tion of the disk be attained. 
The illumination on the opal glass could be varied by moving the lamp in 
housing unit. A calibrated rod connected to the base plate permitted E to obtain 
desired value of illumination. The change in illumination followed the inverse 
square law. In this way, a brightness gradient was obtained without any coloi 
temperature change. In addition, Provision was made for Wratten neutral-density 
filters to be placed over the first baffle on the front of both the standard and variable 
These filters served two Purposes: (1) they permitted E to obtain the brightne 
levels desired; and (2) they reduced the scattering of the light and eliminated 
‘halo’ effect around the lights. i 
An aluminum knife-edge was installed between the housing and the opal glass 
disk to eliminate light Scattering. The knife-edge in the standard was 2 in. in 
diameter; in the variable it was 3 in. This difference was necessary because the 
diaphragm in front of the opal glass in the variable was at times opened wider than 
the 2-in. The diaphragm system was calibrated from 1.600 in. to 2.400 in. in 
0.025-in. increments. N 
With maximal diaphragm Opening and minimal distance between the light bulb 
and the opal glass in the variable, a non-uniform distribution of illumination 
the opal glass occurred. To correct this, a white, Bristolboard cylihder, 2 in. 
lenth and 3 3/8 in. in diameter, was installed at the entrance to the baffle tube o 
the inside wall of the housing of the variable unit. 
The electrical system (100-v, AC) consisted of a voltage regulator, a variable 
transformer (Variac), and a 6-amp. filament transformer. All three were in series 
The two lamps were in Parallel from the last unit in the series, 


PROBLEMS 


Procedure. Preliminary investigation indicated (1) a 0.025-in. interval was neces 
saty to insure differential responses in size; and (2) brightness-ratios of 7.5:1 am 
less had to be used to obtain differential responses of larger and smaller. The. 
ratios used in this experiment were: 1:6.25, 1:2.5, 1:1, 2.5:1, and 6.25:1. 

In this experiment only one brightness-level was used (13.0 foot-lamberts). 
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each stimulus-combination one of the light sources had a brightness of 13.0 foot- 
Jamberts and the other light source was decreased to yield one of the five brightness- 
ratios. All of the data were plotted in terms of the ‘smaller’ responses to the VL. 
Two women, undergraduates in psychology, with visual acuity of 20/20 in each 
eye, served as O. They participated in approximately 20 daily sessions spaced over a 
period of 8 weeks. The instructions required O to report whether the right or left 
light was the smaller. The method of constant stimulus-differences was used to pre- 
sent the 85 stimulus-combinations at all of the 5 brightness-ratios. O was run first 
under binocular conditions (30 presentations per stimulus-combination) and then 
under monocular conditions (20 presentations per stimulus-combination). Under the 
monocular conditions O used her dominant eye. Both Os had right-eye dominance. 


Experiment 2. Experiment 2 was designed to determine how the size- 
brightness relationship is affected when the absolute level of brightness is 
changed. 


Procedure. In this experiment three levels of brightness were used and were 
obtained by placing filters at the end of the baffle tubes? The brightness ratios, 
apparatus, subjects, and experimental room were the same as in Experiment I, A modi- 
fied method of limits was used to obtain the various points of subjective equality.’ O 
was instructed to state whether the light on the right was smaller or larger than 
the one on the left. 

The stimulus-light, set at a particular brightness-ratio, was first presented O 
binocularly at 13.0 foot-lamberts and at 5 ratios in the order; 6.25:1, 1:1, 1:2.5, 
1:6.25, and 2.5:1. The same order of ratios was then repeated from monocular observa- 
tion. This procedure was then repeated for 3.33 and 0.035 foot-lamberts. 


RESULTS 


Experiment 1. The effects of brightness on judgments of size under 
binocular conditions are shown in Fig. 2.5 With the 1:1 ratio as a refer- 
ence curve, it can be seen that the 6.25:1 and 2.5:1 curves are displaced 
to the right, indicating that although the variable stimulus-light was greater 
than 2.000 in. it was still being responded to as smaller, Conversely, the 
1:6.25 and 1:2.5 curves are displaced to the left of the reference curve | 


$ i We 
"The first 15 presentations were plotted and compared with the und Deni 


tions for both Os under binocular conditions to determine whether ere a 
Systematic changes between responses over the course of the experum D 
the first 10 presentations were compared with the last 10 presentations for, Gen 
paast monocular conditions. Inspection of these curves revealed no major 
uirerences, " 
, * Increasing the absolute level of brightness above 13.0 footlamberts SUE SEE 
it an undesirable ‘halo’ effect around the light sources. It was decided for the pre: 
study to decrease only the brightness levels. 

‘Dr. G. A. Miller, personal communication, 1953. 


The results for the other O were similar. To co! 


nserve space they are not pre- 
sented. is 
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indicating, although the variable light was smaller than the standard, it 
was still being responded to as larger than 2.000 in.* 

Fig. 3 shows the curves for the same O under monocular conditions, 
The same relationship noted above is evident. 


BINOCULAR CONDITIONS 
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DIAMETER OF VARIABLE STIMULUS IN INCHES 


Fic. 2. PERCENTAGE FREQUENCY OF 'SMALLER' RESPONSES As A FUNCTION OF 
SIZE OF THE VARIABLE STIMULUS-LIGHT AND BRIGHTNESS-RATIOS 


(Every point based on 30 responses) 


To show the effect of brightness on judgments of size more clearly’ 
additional curves were derived from Fig. 2 and 3. In these curves the 
size of the variable was held constant at 2.000 in. and the percentage 
‘smaller’ responses was plotted against the logarithm of the brightness- 


? Based „On the assumption that the above curves are linear functions over the 
range of sizes and brightness. ratios employed in this study, the following relationship 
was found to fit the data: Percentage ‘smaller’ responses = 2535 x 107 log (bright 
ness ratio) — 1250 diameter. 
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ratios. Fig. 4 shows that as the relative brightness of the variable is de- 
creased, the percentage ‘smaller’ responses to it gradually increases. l 

In addition to the determination of the usual 5-R type of relationship. 
S-S functions are necessary to ascertain how one stimulus-condition varies 


MONOGULAR CONDITIONS 
(SUBJECT : J.H.) 


IN PERCENT 


FREQUENCY OF SMALLER RESPONSES 


1800 1.900 2.000 2,100 
DIAMETER. OF VARIABLE STIMULUS IN INCHES 


Fic. 3. PERCENTAGE FREQUENCY OF ‘SMALLER’ RESPONSES AS A EO TON OF, 
SIZE OF THE VARIABLE STIMULUS-LIGHT AND BRIGHTNESS- 


(Every point based on 20 responses) 


as a function of another stimulus-condition in producing a constant 
tesponse.° To obtain this type of relationship the 50% (and Ha 25% 
and 75%) ‘smaller’ response-frequencies were taken for each brig tness- 
tatio and plotted against the corresponding size of the variable. Fig. 5 was 
derived in this manner from Fig. 2. 


"C, H. Graham, Behavior, perception, and the psychophysical methgds, Psy ehali 
Rev., 57, 1950, 108-120. E. BORA : 
Results for JH under monoculat conditions are very simular. 
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MONOCULAR 
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FREQUENCY OF SMALLER RESPONSES IN PERCENT 
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Fic. 4, PERCENTAGE FREQUENCY OF ‘SMALLER’ RESPONSES AS A FUNCTION OF 
THE LOGARITHM OF THE BRIGHTNESS-RATIOS 


(Size held constant) 


BINOCULAR CONDITIONS 


(SUBJECT : J.H.) 
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Fic. 5. SIZE OF THE VARIABLE STIMULUS-LIGHT AS A FUNCTION OF THE 
$ i LOGARITHM OF THE BRIGHTNESS-RATIOS 


(Response held constant) 
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Inspection of Fig. 5 reveals that a regular, consistent decrease in the 
size of the variable is necessary to obtain a 50-76 level of ‘smaller’ responses 
when the brightness-ratio is varied from 6.25:1 to 1:6.25. The same 
consistent trend is evident for the 25-06 and 75-76. levels of response. 

Experiment 2. The effect of decreasing the absolute level of brightness 
on the size-brightness relationship is shown for one O (JH) in Fig. 6. As 
this Figure shows, the relationship between brightness and judgments of 
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DIAMETER OF VARIABLE STIMULUS IN INCHES 
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Fic. 6. SIZE OF THE VARIABLE STIMULUS-LIGHT AS A FUNCTION OF THE LOGARITHM 
OPTHE BRIGHTNESS-RATIOS AT THREE LEVELS OF BRIGHTNESS 
(Every point based on 60 responses) 
size noted in Experiment 1 remains essentially unchanged. Examination 
of the curves in Fig. 6 suggests that as the absolute Jevel of brightness 1s 
increased (in this case from 0.035 to 13.0 foot-lamberts) the effect of the 


brighter object in any particular brightness-ratio is pou er 


precise statement regarding this relationship would require s 
employed in Experiment 1 at absolute levels greater than, as well as less 


than, 13.0 foot-lamberts. 


DISCUSSION 


Pheiffer found that the greatest change brought about by the iuc 
of brightness was on the order of 245 in., of in terms of his experimen 
conditions, about a 3% change. The results of this experiment m NY 
dosely with this figure in that the greatest effect due to brightness wa 
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found to be on the order of 3-4%. It is not clear what the relevant variables 


are that could account for the discrepancy between these results and those 
of Holway and Boring. One possible factor might be that in the Holway 
and Boring experiment Os had to rotate their heads 90° to compare the 
two stimulus-lights. It is possible that the change in pupil size brought 
about by this procedure is responsible for the magnitude of error which 
they report. 

It is evident in the results of both experiments that our Os responded 
to the variable as being larger than its physical size. In Table I the constant 
errors in Experiment I, which theoretically might be expected to be zero, 
are consistently minus in value. Table II, which contains the constant 


TABLE I 
Constant Errors UNDER BINOCULAR AND Monocutar CONDITIONS (1:1 RATIO) 


Constant error (in inches) 


[o] 
Binocular Monocular 
JH —.032 —.013 
CF —.028 —.o38 
TABLE II 


Consrant Errors UNDER MoNocuLAR AND BINOCULAR CONDITIONS 
or Taree Levers or BRIGHTNESS (1:1 RATIO) 


Constant errors (in inches) 


us 13.0 3-33 0:037 
Conditions e footlamberts ^— footlamberts  footJamberts 
Binocular JH —.038 —.020 — 027 
CF —.051 —.051 —.069 
Monocular JH —.034 —.019 —,025 
CF —.029 —.055 ni 


errors for both Os in Experiment 2, 
of the bias in the latter is even greater 

A possible reason for the increase i 
in instructions, In this experiment it 
state whether the light on her tight w: 
her left. The light on the left (the 
plicitly stated, became the standard. 
investigators have found the stimulu. 


to as larger than the standard stim 
referred to as ‘space error, 


shows the same bias. The magnitude 
in many instances. 

n bias in Experiment II is the change 
will be recalled O was required to 
as larger or smaller than the one on 
standard), although it was not ex- 
Under similar conditions many omer 
s to be judged tends to be responded 
ulus? This phenomenon is generally 


Tt does not appear feasible, however, to attribute this bias to space 
ok 


* Holway and Boring, 


op. cit, 587-589; Pheiffer, op. cit., 243-247. 
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error in Experiment 1. The instructions there required O to report which 
light appeared ‘smaller,’ the one on her left or the one on her right. 
Under these conditions neither light was designated as the standard or 
comparison stimulus. This was verified after the experiment when the 
Os reported that they thought both lights were being varied in size as well 
as brightness. In addition, they evidenced surprise when they found that 
the light on their left (the standard) had never changed in size. 

One suggestion to account for this bias is derived from an analysis of 
the data under monocular conditions. In Tables I and II the direction of 
the bias can be seen to be the same for both Os. These Os were required 
to use their preferred eye under monocular conditions, and for both Os 
this was their right eye. It is significant that the position of the variable 
corresponded to the dominant eye of both Os. 

Additional support for the notion that eye-dominance might have been 
the relevant variable for the bias is found in an experiment by Coules, 
who used the same apparatus to investigate distance judgments and their 
relationship to brightness? He also found this systematic bias; namely, 
the O using his right eye as the preferred eye responded to the variable 
stimulus as being nearer than it actually was. On the other hand, the O 
using his left eye as the preferred eye responded to the standard as being 
neater. 


SuMMARY AND CONCLUSIONS 


Two experiments are reported. In Experiment 1 the effect of brightness 
on judgments of size under binocular and monocular conditions was 1n- 
vestigated. Iñ Experiment 2 the purpose was to determine whether the 
telationship found in Experiment 1 held for different absolute levels of 
brightness. : 

The apparatus permitted the presentation of two homogencous disks 
of light: a standard stimulus-light of 2.000-in. diameter and à variable 
that could be changed from 1.600 to 2.400 in. in diameter. Particular 
attention was paid to control of the stimuli likely to influence size judg- 
ments, The factors controlled included: accommodation, stray light, homo- 
geneous illumination of the stimulus-disk, light scatter, and color tempera- 
ture change of the light sources. 

The stimuli were presented accor 
in Experiment 2, and a modified method of 
S-R relationships were obtained between brightness an: 


ding to the method of constant stimulus 
limits in Experiment 2. 
d the percentage of 


* J. Coules, The influence of photometric brightness on judgments of distance, 


Unpublished Ph.D. dissertation, Boston University, 1955. 
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‘smaller’ responses. The curves indicated that brightness ope 
tematically to make the brighter object appear larger. This 
was evident under binocular and monocular conditions. In ad 
functions were derived and these curves indicated that a re 
sistent decrease in the size of the variable was necessary to obtain ; 
level of ‘smaller’ responses as the brightness-ratio varied from 6. 
1:6.25. 

Under the conditions of the experiment (2.000 in. standard 
crease in size due to brightness was on the order of 3-496. Ch 
pupil size was suggested as the variable accounting for the diffe 
tween the present results and those of Holway and Boring. 

In Experiment 2, where the size-brightness relationship was im 
under different levels of brightness, it appears that as the absolute 

brightness is increased (0.035 to 13.0 foot-lamberts) the eff 
brighter object in any particular brightness-ratio is decreased. 


THE EFFECT OF ANGLE OF TILT UPON THE TRIGONOMETRIC 
RELATIONSHIP OF PRECISION AND ANGLE OF LINEAR 
PURSUIT-MOVEMENTS 


By GEORGE E. BRIGGS, RICHARD F. THOMPSON, and 
W. J. BRoGDEN, University of Wisconsin 


This paper presents the results of an experiment on the effect of angle 
of tilt, ic. deviation of the tracking surface from the horizontal, on the 
relation of precision and angle of linear pursuit-movements. Corrigan and 
Brogden found this latter relation to be described adequately by the fol- 
lowing trigonometric equation:* y= 4 + b cos 2x + ¢ sin 2x, in which 
y= precision of right-arm movements in terms of group mean frequency 
of stylus contact, x — angle from the body at which the movement is 
made? a = the constant that determines the baseline of the curve (mean 
frequency of stylus contact for all angles), and b and c are the constants 
by means of which the amplitude (4) and the phase angle (2e) of the 
curve are determined [d = (b? + c")*5; cos 2e = c/d.] For this and other 
studies, the tracking surface was maintained in the horizontal plane or at 
0° tilt. An initial experiment on the effect of tilt, and angle from the body 
on the precision of linear pursuit movements revealed both variables to be 
significant determiners of precision in tracking. The Greco-Latin square 
design of this experiment, however, did not provide adequate measurement 
of the effect of the two experimental variables, In the first place, a signifi- 
cant interaction between the two variables was found which could not be 
analyzed further because of the nature of the design. In the second place, 
each $ performed on several combinations of tilt and angle, and individual 
differences between Ss were large. No systematic relation of either tilt or * 
angle to precision of linear pursuit movements was, therefore, observed. 


* Accepted for publication August 26, 1953. This study was supported in part 
by the Research Emitte of de Graduate School from funds granted by the 
isconsin Alumni Research Foundation. i E 
ORE, (SE aid W. J. Brogden, The effect of angle upon precision ot inter 
Pursuit-movement, this JOURNAL, 61, 1948, 502-510; R. E. Corri a ad T 
Brogden, The trigonometric io of precision and angle of linear pur: 
Ovements, this JOURNAL, 62, 1949, 90-98. Ape 
* Angle is p by Cartesian coürdinates: 0° j "e Sopra s 
which the track is normal to the frontal plane of the body o Riesgo 
movement is started with the stylus close to, and continued away from r 
plane of the body. 
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Tt was hypothesized that tilt is subsidiary to angle from the body in deter- 
mining precision of linear pursuit movements; that the trigonometric 
relation of precision and angle of linear pursuit movements will be main- 


tained regardless of tilt, but that its form may be altered as a function | 


of tilt. The present experiment, therefore, was designed to reproduce the 
trigonometric function of precision in tracking and angle from the body 
at each angle of tilt selected. In this sense, the trigonometric relation of 
precision and angle is the dependent variable of the experiment, and angle 
of tilt is the independent variable. 


METHOD AND PROCEDURE 


Eight groups of Ss each made linear pursuit movements at angles from the 
body of 0°, 30°, 45°, 60°, 90°, 120°, 135°, and 150°. Every group, however, 
performed at a different tilt. The tracking surface was tilted for the different groups 
at angles with intervals of 10° from 0° (horizontal to the floor surface) to 70°. 
Each increment of 10° in tilt provided a tracking surface which increased the 
inclination toward the frontal plane of S such that at 70°-tilt, the track was most 
nearly in a vertical plane facing S. 

Apparatus. The apparatus used in the present experiment is the same as that 
previously reported." It consists of a track formed by two brass plates resting on a 
piece of glass that $ traverses with a metal-tipped stylus. Velocity of stylus-movement 
is controlled by instructions given S to match the rate of his movement to that of 
a small cylindrical target which travels beneath the glass plate of the track at à 
Constant velocity of 3.0 cm. per sec. Control apparatus provides automatically for 
starting the target, stopping it at the end of the track, and returning it to the 
Starting position where its direction is again reversed for the start of a new trial. 
The platform on which the track is mounted may be rotated about its center by 
means of a bearing in the vertical plane. The angle 0° is represented: by the track 
normal to, and target parallel to, the frontal plane of $. A disk attached to the 
bearing of the central vertical axis is notched every 15? to permit rapid and be 
selection of the appropriate angle. The platform may also be rotated in the vertical 
plane by means of a bearing, the surface of which is milled with scale markings 
every 10* that angle of tilt may readily be adjusted. At 0°-tilt, the track surface is 
»parallel to the floor. Increasing the angle of tilt shifts the plane of the track toward 
the vertical, with the surface of the track facing the frontal plane of S. The stylus 
and each side of the track constitutes an open switch in parallel with the counting 
switch of a Potter Electronic Counter, Model 67. Each contact of the stylus with a 
track-side is registered cumulatively on the counter. When the target is reversed 
at the end of the track, the input to the counter is closed that no further registration 
of stylus contact can occur. E records the error count for the trial just completed 
during the time the target is being reversed. When the target reaches the head of 
the track, the action reversing its direction also clears the counter and registers 
zero at the start of the next trial, 

——— 
* Corrigan"and Brogden, op. cit, 61, 1948, 502 f., and 62, 1949, 90 f. 
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Subjects. The Ss (128 men) were all right-handed and volunteers. None had 
any previous experience in this experimental situation. 

Procedure. The initial step was to seat $ in a tank-driver's seat and to fasten. a 
harness about his trunk to keep the right shoulder in a relatively fixed position. 
"The height of the seat and its closeness to the track-platform were so adjusted to 
body stature that S was both comfortable and able to reach the end of the track 
with the stylus when the right arm was fuily extended, The standardized instruc- 
tions, reported verbatim in a previous paper, were modified slightly in the present 
experiment as required by the introduction of tilt as an experimental variable.* 

“The same 8 X 8 latin square was employed with each of the 8 groups of 16 Ss 
to control the sequence and ordinal position of the 8 angles. Thus, there were two 
replications of the randomized square for each of the 8 tilts or groups of Ss. This 
design eliminates the possibility of an unknown interaction between angle and tilt 
within the performance of the individual Ss (each S's performance at each of the 
eight angles was measured at a single tilt of the track surface). S completed 10 
practice trials at the initial angle of the sequence to which he had been assigned 
at random. Thirty seconds after the practice trials were completed, S began the 
experiment proper. He received 10 trials at each of the 8 angles for his sequence 
(row of the square) with a 30-sec. rest between each block of 10 trials. Half the 
Ss were tested by each of the two Es (GEB or RFT) and with this restriction, $ 
was assigned randomly to E and to tilt of the track surface (group). 

The same transformation of the error scores for linear pursuit movements used 
in previous experiments was applied to each score of the present experiment, The 
natural logarithm was obtained for the sum of the raw score +5 for each $ on 
every trial. Means for the 10 trials in each cell of the row for each $ were then 
computed. These means constituted the measures employed in the analysis. 


RESULTS 


A summaty of the analysis of variance applied to the data appears in 
Table I, which represents an extension of the usual analysis of a latin 
square design. Here, not only are angle, ordinal position of angle, and 
Sequence of angle orthogonal variables, but experimenter and tilt of the 
tracking surface are also orthogonal, both to one another and to the other 
three variables. 

As shown in Table I, tests of significance were made separately for 
uncorrelated data, between Ss variation, and for correlated data, within 
Ss variation, Of the total sum of squares, 54.8437, with 1023 degrees of 
freedom, a between Ss sum of squares of 18.3459 with 127 df and a 
within Ss sum of squares of 36.4942 with 896 df were calculated. Further 
fractionation of each of these sources is shown in the table. The E X tilt X 
Sequence interaction is the basic error term against which all sources 


appearing above it in the table were tested. The only F-ratios of statistical 
* 


* Corrigan and Brogden, op. cit, 61, 1948, 502 f. 
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significance at the 5-9% level of confidence are for tilt of the track-sutface 
and the E X $4 interaction. The significant effect for tilt will be discussed 
later. That for the E X SA is not meaningful and no rational explanation 
for it can be given. . 

All remaining sources of variations were tested against RS X T X E inter 


action mean square. Here angle, the angle X tilt interaction, ordinal posi- 


tion, the ordinal position X tilt interaction, and residual for square are 
sources of statistically significant variation at the 5-% level of confidence, 
The significant effect for ordinal position indicates a practice effect from 


TABLE I 
RESULTS PROM ANALYSIS OF VARIANCE 
Sum of Mean Fat 55% 

Source df squares square F level 

G) Total between Ss 127 18.3495 
i imenter (E) I 0.0233 — 0.0233 2e 4.08 
b) Tilt (T) 7 4.1266 ^ 0.5895 6.03 2.25 
(c) Sequence of angle (SA) 7 0.9820 0.1403 1.43 2.25 
(d) EXT 7 0.4492 0.0642 = 2.25 
iP EXSA 7 1.6810 — 0.2401 2.46 2.25 
TXSA 49 6.2923 0.1284 1.31 1.69 
(g) EXTXSA 49 4.7951 0.0978 — Iw 

(2) Total within Ss Mona 4043 
is Angle (A) 7 0.8949 0.1278 5.34 2.05 
AXE 7 0.2070 0.0296 1.24 2.05 
c) AXT 49 12.0632 0.2462 10.30 1.42 
d) AXEXT 49 0.9448 0.0193 — 1.42 
e) Ordinal position (OP) 7 3.3966 — 0.4852 20.30 2.05 
(f) OPXE 7 0.1258 0.0180 = 2.05 
OPXT 49 1.6912 0.0345 1.44 1.42 
OPXEXT 49 0.6125 0.0125 = 1.42 
(i) Residual for square (RS) 42 1.6108 0.0384 1.61 I.45 
j) RSXE 42 1.2535 0.0298 1.25 Id 
) RSXT 294 6.6679 — 0.0227 — ra 
RSXTXE 294 7.0260 0.0239 vm ri 

(3) Grand total 1023 54.8437 


the first to the eighth of the angles on which the Ss of all groups wete 
tested. This result has been found in earlier studies. The significant effect 
for residual for Square (square uniqueness) has not been found in any of 
the previous studies of the trigonometric relation of precision and angle 
Of linear pursuit movements where a latin square design was used. This 
result suggests that the results obtained with the particular 8 X 8 latin 
square selected at random for the present experiment may be unique 9 
this particular Square. As will be noted later, however, the trigonometric 


, Corrigan and Brogden, op. cit, 62, 1949, 90 f; G. E. Briggs and Brogden, 


Bilateral aspects of the trigonometric relationship of precision and angle of linear 


pursuit-movements, this JOURNAL, 66, 1953, 472-478. 


EFFECT OF ANGLE OF TILT 479 


functions fitted to the data of the present experiment are entirely con- 
— sistent with the results obtained from the earlier studies. 3 

Our primary interest is with the significant effect obtained for angle, 
tilt, and the angle X tilt interaction. As was noted earlier, the design of 
7 the experiment assigns to the trigonometric relation of precision and angle 
of linear pursuit movements the function of a dependent variable and to 
tilt that of the independent variable. Therefore, Duncan's test for differ- 
ences between ranked treatments was applied separately to the data on the 
effect of angle for each group of 5s. The results of these tests indicate 
that for each set of data, there are at least two groups of scores (e.g. most 
difficult angles and easiest angles) which differed significantly from each 
other at the 5-95 level of confidence. These results justify fitting the 
trigonometric equation to the data obtained for each of the eight tilts in 
order to analyze further the significant effect for tilt and the angle X tilt 
interaction. 

The trigonometric regression equation, y = 4 + b cos 2x + sin 2x was 
fitted to the empirical data for each angle of tilt by the method of Teast 
squares. A plot of each of the eight regression equations is given in Fig. 1. 
The Chi-square test of goodness-of-fit yielded Chi-squares, for all curves, 
that are not significant at the 99-% level of probability. The trigonometric 
equation, therefore, provides a good fit for all tilts. The form of the 
trigonometric function changes progressively as angle of tilt is increased. 
These changes are shown more precisely by the curves of Fig. 2. Curve A 
is a linear plot of the curves of Fig. 1 and shows clearly the BORIS NS 
changes in the regression equation as angle of tilt is increased from 0° to 
70°. Curves B, C, and D present the changes in the parameters of the 
equation, phase angle, base line, and amplitude, respectively. Since a 
significant angle X tilt interaction was found, the effect of tilt upon the 
trigonometric relation of precision and angle of linear pursuit movements 
might be expected to be complex. The magnitude of the phase pn i t 
not appear to alter progressively as angle of tilt is increased. Ral denim 
appears to be of roughly equal size (mean = 17:8?) and posuv sain 
sign for angles of tilt of 0°, 10°, 20°, and 30°; of roughly b Pd 
(mean = —20.0°) and negative in sign for angles of tilt of 40°, 50^, 
60°, and 70°. Both the baseline and the amplitude, however, show progtes- 


Sive changes in magnitude as the angle of tilt is increased. For each curve, 
Je of tilt to 20°, remains at an 


Magnitude decreases with increase in ang : 60° and 70° 
approximate minimum from 20° to 50°, and then Vos satt Plani LE 


"R. B. Duncan, A significance test for differences between ranked teme an 
analysis of variance, Virginia J. Sci., 2, 1951, 171-189. 
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Fic. 1. Curves or REGRESSION EQUATIONS FOR PRECISION AND ANGLE OF 
Pursutr MOVEMENTS FOR ANGLE OF TILT 
For every Curve, the ordinate is the logarithm (base e) of the raw error score +5 
and the abscissa Tepresents the angle at which performance was measured. er 
Point is the group mean of the Ss’ mean precision of performance for the block 
10 trials at the angle indicated. A Separate group of Ss was tested at each angle o 
tilt which is indicated for each of the smooth curves. These curves are plots of th 
trigonometric regression equation, y = a + b cos 2x + c sin 2x, fitted to the empiti- 
cal data by the method of least Squares. 
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The differences in phase-angle between the first four and last four angles 
of tilt represents virtually a complete reversal in relative difficulty for angle 
from the body at which the linear pursuit movement is made. For tilts of 
0°, 10°, 20°, and 30°, the most difficult angles are those between 30° 
and 60°, and the easiest between 105° and 135°. At tilts of 40°, 50°, 
60°, and 70°, the easiest angles are those between 30° and 60°, and the 
most difficult are between 105° and 150°. 

The changes in baseline and amplitude indicate that the overall level 
of difficulty and the difference between the most and least difficult angles 
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Fic. 2. PHASE ANGLE, BASELINE, AMPLITUDE AND REGRESSION 
EQUATION AS A FUNCTION OF TT 


Curve A is a linear plot of the regression equations of Fig. 1 against 

B, C, and D are plots of the constants of the regression equation against 

ordinate is the transformed error score except for phase angle where i 4 

The abscissa is angle of tilt, except for A where both angle from the body at which 
athe movement is made and angle of tilt are presented. 


decrease as angle of tilt increases to between 20° and 50° and thereafter 
increase, Difference in difficulty and maximum error for the most difficult 
angles is greatest at 0° tilt. Next come tilts of 10° and 70°, which appeat 
to be equal; then 60°, with the remaining tilts being about equal, 


DISCUSSION ) 
The results of the present experiment indicate clearly that the trigono- 


metric relation between precision and angle of linear pursuit movement is 
altered as a function of angle of tilt. Unfortunately, the effect of tilt is 


complex and no single parameter of the trigonometric equation may be 


used to provide for its quantitative expression. This result is comparable 
the trigonometric 


to that obtained by Brogden on the effect of practice on ; à 
relation of precision and angle of linear pursuit movements.” Phase angle, 


ision and angle of ligear uursuit- 
“his JOURNAL, 66, 1953, 45-56. 


Brogden, The trigonometric relationship of pr 
movements as a function of amount of practice, 
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1 
baseline, and amplitude all were affected by practice, as is the Case for. 
angle of tilt. The nature of the effects of practice and tilt however, are 


The changes in Phase-angle, baseline, and amplitude that occur wis 
1 


Occurs only at angles between 45° and 75° at tilts of 0° and 10°, and at 


angles between 105° and 135° at tilts of 60° and-70°. The conditions 
for maximal difficulty 


Precision. Variables other than tilt, however, do affect maximal and relative — 
difficulty. A shift from tight to left hand movements changes the angles 


body. 


The effect of tilt js undoubtedly a function of concomitant changes in 
the visual field and in muscul: 


Possibility of further analysis in terms of visual and muscular factors, 
however, should not be ignored. 


* Briggs and Brogden, op, sit, 472-478, 
„Briggs and Brogden, op. ci; 472-478, 
? Brogden, op. cit, 45 f. o» 
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SUMMARY 


The present experiment was designed to provide information about the 
effect of angle of tilt on a linear pursuit movement. Tilt of the tracking 
surface was varied by 109 increments from 0? (horizontal) to 70? (near 
vertical). Linear pursuit movements were made at each tilt at the following 
angles from the body: 0°, 30°, 45°, 60°, 90°, 120°, 135°, and 150°. An 
8 X 8 latin square design was employed. Two Es ran a total of 128 Ss at - 
this task. An analysis of variance indicated that angle, tilt, ordinal position, 
angle X tilt interaction, ordinal position X tilt interaction, and residual for 
square were significant sources of variation. The trigonometric equation, 
y=a+b cos 2x +c sin 2x, was fitted by least squares to the data at 
each angle of tilt, All fits were found to be good by the Chi-square test. The 
baseline and amplitude coefficients for the trigonometric regression equations 
decrease in magnitude from 0° to 20° of tilt, are at a minimum between 20° 
and 50°, and then increase at 60° and 70° of tilt, Two levels of phase- 
angle were found of roughly equal size but of opposite sign; a mean of 
17.8? for angles of tilt of 0°, 10°, 20°, and 30°, and a mean of —20.0° 
for angles of tilt of 40°, 50°, 60°, and 70°. The effect of tilt cannot be 
given a quantitative expression in the trigonometric equation. The results 
of the present experiment and those of earlier experiments on the effect 
of practice and bilateral transfer lead to the conclusion that the relation of 
Precision and angle of linear pursuit movements is paramount to other 
experimental variables. 


SHIFTS IN PITCH AS A FUNCTION OF PROLONGED 
STIMULATION WITH PURE TONES 


By R. J. CHRISTMAN, Rome Air Development Center, Rome, New York 


The Kóhler-Wallach study of figural after-effects developed the thesis 
that the brain functions in a manner somewhat analogous to a volume 
electrolyte, and that the experience of any percept, e.g. a visual figure, 
depends upon the dynamic characteristics of the electro-chemical relation: 
ships set up by the afferent impulses arriving at the cortical projection 
areas. While a number of recent studies have demonstrated phenomena 
beyond the realm of two-dimensional space perception which might con- 
ceivably be explained by the Kéhler-Wallach theory? it may be questioned 


induced in an auditory projection area. According to the writer's intet- | 
Pretation of figural after-effect theory, the pitch of a given tone should 
shift in a direction away from the pitch of a satiation tone of adequate | 


, Wolfgang Kóhler and Hans Wallach, Figural after-effects, an investigation of 

visual Ptocesses, Proc, Amer, Philos, Soc., 8, 1944, 269-357. a 
; J. Christman, Figural after-effects utilizing apparent movement as inspection, 

figure, this JOURNAL, 66, 1953, 66-72; Kohler and Dorothy Dinnerstein, Higi 
after-effects in kinesthesis, Miscellanea Psychologica Albert Michotte, 1947, D 
220; Kóhler and D. A. Emery, Figural after-e. 
Space, this JOURNAL, 60, 1947, 159.201; L. Weiskrantz, Figural after-effects in 
stroboscopic motion, Quart, J. Exper. Psychol., 2, 1950, 113-118. 


in the cerebral cortex, Laryngoscope, 57, 1947 778-787; C. N. Woolsey and Walzl 
Opical projection of netve fibers from local regions of the cochlea to the cerebral 
Cortex of the cat, Johns Hopkins Bull., 71, 1942, 315.344. 
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duration and intensity. Thus, a pure tone which is immediately preceded 
by a prolonged tone of a slightly lower frequency should appear higher 
in pitch than the same tone when preceded by silence. Conversely, a pure 
tone preceded by a prolonged tone of a somewhat higher frequency should 
appear lower than otherwise expected. A pure tone should not be influenced 
by a preceding tone of the same frequency. 


Apparatus and general procedure. Since the average O cannot accurately identify 
a pitch in absolute terms, it was necessary to use a method of comparison to detect 
resultant changes in pitch. The method involved subjecting one ear to a satiating 
tone and then comparing the pitch experienced by stimulating each of the two 
ears by test-tones. To explain any resulting differences in pitch in terms of figural 
after-effect theory, it is necessary to assume that the auditory nerves differ in the 
ratio of contralateral to ipsilateral projection at some neural locus where a spatial 
representation of the pitch function can occur. On the basis of recent reports by 
Penfield and Rasmussen' and Rosenzweig,® this assumption appears tenable. 

The apparatus consisted of two audio oscillators, matched phones, a decibel meter, 
and a system of relays and switches which provided automatic as well as manual 
control of stimulus-duration, phone-selection, oscillator-selection, and loudness at 
the two ears. The general procedure was to satiate the left ear with a pure tone 
(satiation-tone) for intervals varying from 1 to 2 min, Then a standard (600~) 
tone was presented to the left ear and followed immediately by a variable or 
matching tone (test-tone) to the right ear.’ All tones were about 35 db. to minimize 
contralateral stimulation by bone conduction.’ Both a production-method and a 
modified constant-method were used to determine pitch-matches for the two ears. 


EXPERIMENT I 


Four experimental conditions were used in Experiment I: (1) stand- 
atdization (no satiation), (2) 800~ satiation of left eat, (3) 400 or 
500~ satiation of left ear? and (4) control (600~ satiation of left ear). 


Procedure. After a 1-min. satiation, or 1 min. of silence in Condition 1, the 
600~ standard tone was presented to the left ear for 2 sec. After a 2-sec. pause, à 
test-tone of 400, 500, 700 or 750~ was presented to the right ear, The order of 
these basa] settings was varied in a systematic manner which was not apparent to 
the O, who proceeded to adjust from the basal setting to & point of subjective 
equality with the preceding standard. Four matches were made after each e 
Each of the 5 Os, graduate students in psychology, made 24 matches under eac 
Of the 4 experimental conditions—a total of 96 matches for each O. All Os were 


Cortex of Man, 1950, 153. 


[m 
Wilder Penfield and A. T. Rasmussen, The Cerebral Coret any. GHE Amer, 


Psycho R. Rosenzweig, Representation of the two ears at 
sychologiss, 5, 1950, 270. a 
sufficient number of Os were used to minimize any 


diplacusis bi 5 
lis. : 
bus S: Stevens antl Harlow Davis, Hearing: Its Psychology and Physiology, 1938, 


possible effects due to 


i £ : 
“OF the 5 Os, 3 had 400~ satiations and 2 had 500~ satiations. K 
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limited to one satiation Per session and to two sessions Per day to avoid any 
cumulative effect, i 


TABLE I 
Variance ANALYSIS POR Expertmenrt | 
Source Sums of Squares df Est. var, 

Conditions 23,799 2 ur | 

s 14,088 4 3,522 
basal settings 66,477 3 EN 159 
conditions X Os 30,423 8 3,803 4 
Os X basal settings 127,440 1 10.620 t 
conditions X basal settings 1,049 6 175 l 
conditions X Os X basal settings 18,061 24 753 
remainder 101,204 300 337 

Total 382,541 359 


of interest is the magi 

and basal settings, 
The significance of the variance due to conditions indicated the advist- 

bility of a further examination of the data and the application of separate 


nitude of the variance due to the interaction of Os 


one of the two satiational conditions expected to result in pitch-displace- 
ments. For the mean settings there is No significant difference between the 
standard condition and the 600~ control condition, as would be predicted. 
d 595.3 are for all Purposes identical (¢ = 0.18). 
5 involving 800 and 400 or 500~ satiations are in 
by the original hypothesis, and all are significant 
beyond the 1-% level of confidence, with fs ranging from 3.01 to 7.47. 
Since four matches were made after each satiation, it was possible to 
ime between satiation and testing on the magnitude 
of the displacement, For the 800. satiation, the mean PSEs were 5782; 
-2~ over a time-interval of about 30 sec. For the 
400 and 500~ satiation, the mean PSEs were 608.2, 599.3, 606.5, and 
Aeg Ta both cases the general trend is in the direction of a decreasing 
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effect with time, results which are in accord with those of Hammer for 
visual figural after-effects.° 


EXPERIMENT II 


A modified constant-method was used in Experiment II, involving a 
600~ standard presented to the left ear which was followed by a variable 
tone to the right ear. The frequency of the variable, which was judged to 
be high or low relative to the standard, was 590, 595, 605, or 610~. 


Procedure. Two-category judgments were used throughout, and whenever O could 
not make a judgment—a rare event—the same comparison-pair was repeated at a 
later point in the series. Except for the standard condition, in which 20 judgments 
constituted a session and no satiation was given, each experimental session consisted 
of 10 judgments with each comparison-pair preceded by satiation of the left ear. 
The duration of the standard tone, of the interval, and of the variable was 2 sec. 


TABLE II 
PSEs ror Eacu O Unner EAcH CONDITION OF Exrertment I 

[^] Standardization 800~ 400 & 500~ 6007 

A 595.2 590.8 595.3 596.3 

B 586.0 549.8 614.0 sone 

c 597.0 590.0 597-3 593. 

D 602.0 592.9 607.7 600.0 

E 598.7 596.5 604.7 595.5 
Mean 595.8 584.0 603.8 595:3 


the three intervals being automatically ‘regulated. The four variable stimuli were 


paired with the standard in a randomized order. 

In addition, to three control conditions designe 
to the equipment, a total of 21 experimental condi! 3 
involving 10 satiation frequencies, each for 2 durations, are listed in Table Il. 
Five Os were used under each experimental condition, yielding a total of 50 judg- 
ments per condition and 100 for the standard condition. In the experiment as à 
whole, 120 Os made 1300 judgments, all but 200 being preceded by 1- or 2-min. 
Satiating periods. 5 


Results. Due to the small number of judgments and the restricted range 
large number of experimental 


of the variable stimuli necessitated by the f 
conditions, it was impossible to examine the data by conventional methods. 
As an alternative procedure, an analysis was made of the number of high 
and Jow judgments under each of the 21 conditions. Of the 40 Os ae 
with pitches below 600~, only 9 had a majority of high judgments, while 
25 judged the variable tone to be law more often than high. This departure 


T 
j 7 49, 
) *E, R. Hammer, Temporal factors in figural after-effects, this JOURNAL, 62, 1949 
] 


d to measure constant errors due 
tions were used, These conditions, 


337-354. . 
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from chance expectancy is significant beyond the 5-96 level of confidence. 
For the 50 Os satiated with tones above 600—, the results are even more 
significant (beyond the 1-96 level). Only 6 of these Os gave a majority of 
low judgments while 41 gave results indicating pitch-shifts in the ex- 
pected direction. 

Table III shows the percentage of high judgments under each of the 21 
experimental conditions. A preponderance of high judgments indicates a 
depressing effect induced by the satiating tone, while a value smaller than 
50% high judgments indicates that the pitch at the left ear has been cle- 
vated. Satiation-tones below 600~ apparently produced an elevation of 
pitch, while satiation-tones above 600~ produced depression. For the 
standard condition, the 100 judgments are divided 52 to 48. For the 600— 
control condition there is no evidence of any displacement effect at 1 min., 
but the percentage of judgments high at 2 min. seems too great to be due 
to chance variation, a finding which will be considered later. 

The influence of particular satiating frequencies cannot be determined 
from the data in Table III due to the small number of Os tested under each 


TABLE III 


Percentacs or Hic JupcMenrs ror Each CONDITION or 
Exrertment II 


Duration (sec.) 
Satiation frequency 
60 120 
500 50 16 
550 42 50 
580 40 oo 
590 40 36 
600 (Control) 52 70 
610 64 3I 
620 64 84 
650 80 78 
700 66 58 
800 74 88 
Standardization 52 
500 to 590 incl, 3 
610 to 800 incl. po 2 


condition (5 Os, 50 judgments). If optimal frequencies exist, this experi- 
ment did not discover them, although it is possible, of course, that they 
may lie beyond the range studied. The data of Table III suggest, however, 
that the higher frequencies have a greater effect than the lower. It may 
also be observed from Table III that a greater effect is produced by a 
2-min. period of satiation than by a 1-min, period, a finding which holds 
both for hfbh and for low satiating tones. 


EI 
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PSEs were calculated by a graphic method for several combinations of 
conditions. The PSEs for the low satiation tones, the standard condition, 
the control condition, and the high satiation-tones were 603.0, 597.2, 
597.4, and 590.0 respectively. These values compare very favorably with 
those found directly in Experiment I (Table II). The relatively large dis- 
crepancy between the two experiments with regard to satiating tones above 
600~ (590.9 as compared with 584.0) is explainable on the basis of the 
limited range of variables used in Experiment II. Since the lowest variable 
tone was 590~, the PSE was largely determined by this value. 


DISCUSSION 


The two experiments here reported provide strong evidence of shifts in 
pitch produced by prolonged stimulation with pure tones. When a given 
pitch is preceded by a satiating tone of a somewhat lower frequency, its 
pitch is slightly elevated and the opposite effect is produced by a satiating 
tone of higher frequency. The fact that a greater shift seems to be pro- 
duced by the higher satiating tones might be explained in several ways: 

(1) A pure tone is not transmitted through the entire course of the pre- 
labyrinthine mechanism of the ear without distortion. On the contrary, 
numerous intra-aural harmonics appear to be generated, probably in the 
middle ear, and these harmonics may very well serve as satiating tones in 
exactly the same way as does the fundamental, Since the intra-aurally 
induced tones would be predominantly higher in frequency than the funda- 
mentals from which they were generated, the effect produced by a low tone 
would be a, function of both the low fundamental of relatively high ampli- 
tude and the higher-frequency harmonics which would tend to act in 
opposition to the fundamental. For satiations with tones higher than the 
standard, the harmonics would tend to reinforce the fundamental, thus 
increasing the effect of the satiating tone. 

(2) The possibility of a constant difference due to the apparatus which 
presented the stimuli to the two ears must not be overlooked. Results 
obtained under two standardization conditions, however, make this explana- 
tion untenable. A reverse standardizational series gave some evidence of a 
constant difference opposite to that actually found under satiating condi- 
tion, which indicates that the greater shifts produced by high tones can- 
not be attributed to equipment. 

(3) The difference in question might be explained as a negative time- 
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versial; and (b) time-errors are themselves empirical phenomena for 
which no entirely adequate theory is presently available. Indeed, it seems 
that the displacement-effects found in this study might provide the basis 
for a new explanation of time-errors, rather than the converse.!? 

The apparent shift produced by a 2-min. period of satiation with the 
600~ tone may provide further support for the explanation. In neither 
experiment was there any evidence of a shift in pitch after a 1-min, satia- 
tion with the standard. The difference may be accounted for on the assump- 
tion that the harmonics were sufficiently weak that their effects would be 
measurable only after a longer period of satiation. 

Two instances of agreement with data on visual after-effects seem per- 
tinent to any discussion of the basis for shifts in pitch here reported. As in 
Hammer's results for vision, the magnitude of the after-effect appeared to 
increase with the duration of the satiating stimulus.” Such a result, it 
should be noted, would not be predicted on the basis of an explanation 
involving ‘unconscious comparison’ or ‘contrast effect.’ There is also some 
evidence, as in Hammer's study, for a diminution of the after-effect with 
time. While these results do not prove that the auditory effect is neuro- 
logically comparable to visual effects, there is nothing to contradict this 
assumption. 

While the results here reported seem to be best accounted for in terms of 
the Kóhler-Wallach theory, the possibility that they may be traced to coch- 
lear functions cannot entirely be ignored. One reason for assigning the 
effect to a higher level than the cochlea, however, is the nearly complete ab- 
sence of any well substantiated evidence for cochlear fatigue or adaptation 
in pitch perception. In all the literature reviewed, the only mention of shifts 
in pitch as a function of prolonged antecedent pure-tone stimulation was 
found in a report by Békésy.'? Neither that study nor a subsequent one by 
Egan and Meyer, in which pitch shifts were produced by simultaneous 
stimulation with a 90-cycle band of noise, are conclusive in locating the 
"effect at the cochlear level. 

It might be possible to explain the data of the present study in terms of a 


* The as yet undeveloped hypothesis would involve three factors: (1) fading 
trace, particularly in intensive dimensions; (2) satiation-produced displacements as 
described in this report; (3) subjective factors such as set and attitude. 

? Hammer, op. cit., 348-351. 

? George von Békésy, Zur Theorie des Hérens: Über die Bestimmung des einen 
reinen Tonempfinden entsprechenden Erregungsgebietes der Basilarmembran ver- 
mittels Ermüdungserscheinungen, Physik. Zsch., 30, 1929, 115-125. 

“J, P. Egan and D. R. Meyer, Changes in pitch of low tones as a function of the 
pattern of excitation produced by a band of noise, J. Acoust. Soc. Amer. 22, 1950, 
827-33. 
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more conventional picture of neural functioning, as Osgood and Heyer 
did in the case of visual after-effects.* Not only, however, does that 
explanation offer little improvement over the volume-electrolyte theory, as 
Smith points out,! but there is, in addition, some reason to doubt its appli- 
cability to the auditory data, since the presence of slight eye-movements 
necessary for the statistical theory have no known counterpart in the per- 
ception of pitch. The cochlea is not known to possess any minute scanning 
properties, although it is possible that slight periodic fluctuations in the 
cochlear or cortical locus of the pitch-function may occur. It seems that 
the effect reported here can be accounted for in terms of an electrotonic 
effect in a volume electrolyte, an effect such that the neural locus of a given 
pitch will be shifted away from an area previously affected by a prolonged 
satiation tone. In contradistinction to the limitations set forth by Kóhler 
and Wallach, it would appear that the shifts in pitch might very well be 
isomorphic with actual areal displacements rather than a function of in- 
creased resistance or impedance between the neural loci of the standard and 
the variable stimulus. 

While the presented findings are based on an extremely restricted range 
of auditory frequencies, there is no particular reason to expect different 
results for any other frequencies which might be shown to have some 
degree of neuro-spatial localization. It is quite possible, of course, that for 
higher frequencies (above 1600~) no displacement effects would be 
found Further work utilizing a greater range of frequencies might well 
be undertaken. 

e SUMMARY 


In two experiments shifts in the pitch of a standard tone of 600~ were 
found following monaural stimulation (satiation) with pure tones of 450- 
800~ and of 1- or 2-min, duration. The pitch of the standard was lowered 
by satiating tones of higher frequency and raised by satiating tones of 
lower frequency, the effect being somewhat greater in the former case than 
in the latter. The magnitude of the effect varied directly with the duration of 
the satiating tones and inversely with the time between satiation and test- 
ing. The results of the experiments can be explained in terms of the 
KGhler-Wallach theory. 


“C, E. Osgood and A. W. Heyer, Jr, A new interpretation of figural after-effects, 
Psychol. Rev., 59, 1952, 98-118. "m 
TER 9 R. Smith, The statistical theory of the figural after-effect, ibid., 59, 1952, 
-402. 
? Kohler and Wallach, op. cit., 337. k i 
"Tunturi (op. cit., 400.402); found cortical loci on the middle ectosplvian gyrus 
of the dog for frequencies only up to 1600~- i 


BINOCULAR SUBJECTIVE COLORS AND THE 
VISUAL MECHANISM 


By Rosert W. BURNHAM, Rochester, New York 


A description will be given here of unusual, perhaps unique, chromatic 
visual experiences, which may provide a clue to at least one aspect of the 
functioning of the visual mechanism. These events may be categorized as 
subjective colors because they seem more indicative of the visual mechanism 
than of the visual stimulus, The term “subjective color’ is redundant in one 
sense, but traditional usage may justify an old term in a situation where 
new terms might complicate the problem of communication, 


These subjective colors are introspectively similar to what have been described 
as Fechner's colors,’ but require a basic difference in the stimulating conditions to 
bring them about. Fechner's colors may be seen, as a review of the literature shows, 
by monocular as well as binocular vision? Other subjective colors, apparently re- 
lated to Fechner's colors, may be seen either monocularly or binocularly when a 
diffuse light source is pulsed at comparably slow rates. The subjective colors 
presently to be described may be seen in a similarly pulsed system, but only at 
much higher pulse-rates; at high luminances of the pulsed source; and in binocular, 
but not monocular, vision. It is principally the fact that these subjective colors can 
be seen only in binocular vision that sets them apart from Fechner's colors, and 
provides a clue to the functioning of the visual mechanism. 

There has been some question as to what parts or activities of the visual mechanism 
are crucially responsible for subjective colors since such color appearances do not 
seem to bear any direct relationship to the spectral distribution of the incident 
tadiation. Gehrke, for example, illuminated various black-and-white disks with a 
narrow spectral band sodium source, and when a variety of hue-responses was 
reported he concluded that activity of a ‘central’ mechanism was required to ex- 
plain his results? Hess on the other hand, attempted to provide evidence for a 

` retinal interpretation of Fechner's colors by breaking up the usual monocular 
stimulus-pattern into two parts which could be fused haploscopically* When no 
subjective colors were seen, it was concluded that a 'central' interpretation was 


* Accepted for publication July 22, 1953. From the Color Technology Division, 
Eastman Kodak Company. 

"S. M. Newhall, Psychological Concepts: Sensory Aspects of Color, Ch. IV in 
The VUA of Color, Committee on Colorimetry of the Optical Society of America, 
1953, 109 ff. 

* Jozef Cohen and D. A. Gordon, The Prevost-Fechner-Benham subjective colors, 
Psychol. Bull., 46, 1949, 97-136. 

E. Gehrke, Neue Versuche über Farbensehen, Ann. Physik, (6) 2, 1948, 345-354. 

*E. H. Hess, ‘Subjective’ colors: Retinal vs. central origin, this JOURNAL, 65, 
1952, 278-280. 
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doubtful, although not entirely precluded. Even when the entire pattern was viewed 
by one eye and the colors were seen, it can only be said that a whole chain of 
physiological events preceded the perception. Neither Gehrke nor Hess, with this 
purely stimulus-response kind of evidence, isolated any particular anatomical level 
which could be said to be crucially responsible for the perceptions. 

Isolation of levels is difficult, if not impossible, when a monocular stimulus 
initiates a chain of events ending in a visual response, When, however, stimulation 
of both eyes is required for a particular perception, which cannot be experienced 
upon stimulation of either eye alone, it may be deduced that the perception is 
crucially mediated by a physiological interaction which can only take place at or 
beyond the first anatomical position where interaction is possible. Although such 
Observations may not pin-point a particular interaction, they at least narrow the 
search by eliminating levels below which the interaction could not take place. 
Also, with some knowledge of the kinds of physiological activity to be expected 
at or beyond the crucial level, important deductions may be made concerning the 
kinds of activity leading to the perception. 


The observations to be reported here point to a level in the hierarchy of 
the color mechanism below which the visual effects cannot be accounted 
for. The present study, however, by no means constitutes the experimentum 
crucis for a central vs. retinal hypothesis of all subjective colors, for it 
remains to be established how closely related other subjective colors are 
to those described here. 

This report is concerned with a description of two subjective colors 
which were observed under restricted, yet specificable conditions, and could 
be seen only when both eyes of an observer were appropriately stimulated. 
These colors may be described as a striking red and blue which, relative to 
Fechner's cofors, are of unusually high saturation and brightness. 


The description to be given may not constitute a new discovery. There are several 
reports in the literature which conceivably concern the same phenomenon, although 
it is uncertain whether both eyes were required for the perceptions reported. Also, 
the conditions under which the present colors were reported are different enough 
to suggest that the older reports may concern other (though possibly related) 7 
phenomena. ; 

Edridge-Green reported in 1895 that he had verified certain observations described 
earlier by Helmholtz in his 1866 Edition of the Handbuch der Physiologischen 
Optik. Edridge-Green said that “if a disc, marked with black-and-white sections, 
be rotated with a certain rapidity, the field appears to be covered with a pattern 
composed of hexagonal spots. . . . Each of the hexagonal spots is . . . surrounded 
by a red thread, which appears to be moving in minute drops. This field seems to 
be pervaded by a greenish hue, which flows . - - (toward the center of the field) ^ 
In a later study, Pauli and Wenzl reported that, at speeds of 33 to 40 cp.s., red 
and green spots of moderate saturation appeared irregularly near the rim of a 
- 


* F. W. Edridge-Green, The artificial spectrum top, Nature, 51, 1895, 321. E 
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rotating sector disk. These authors report a red and green, instead of the red and 

blue found in the present study, but their descriptions sound enough like the present 

observations that they cannot be ignored as possible earlier reports of the same 

thing. A 
PROCEDURE AND OBSERVATIONS 

The colors were first seen by the author in the course of a systematic introspective 
survey of the chromatic and articulatory phenomena to be observed in flickering 
fields. A number of parameters were investigated over a wide range. There were 
286 combinations of conditions used, which included variation in the luminance of | 
the pulsed source (7.2 to 1540 footlamberts), chromaticity of the source (color 
temperatures from 2580° to 3700°K, and 3700? filtered by Kodak Color Compensat- | 
ing Filters CC50 red, yellow, green, cyan, blue, and magenta), pulse-rate (8 to 
43 cp.s.), observing time (up to 15 min. per condition), and field-size (2° and 
40°). Comparisons were also made between monocular and binocular viewing under 
each combination of conditions, Different pulse-rates were produced by varying 
the speed of rotation of a sector disk placed in the beam of a Master Model 
Kodaslide Projector (1000-wa.), and the light-dark intervals were maintained 
at a one-to-one ratio. Various luminance levels were attained by attenuating the 
projector beam with an iris diaphragm. Field-size was controlled by projecting the 
image of fixed apertures located in the slide holder of the projector. The pulsed 
beam was projected to the center of a 24-in. square translucent opalized glass 
scteen which was viewed by O from the opposite side. Ambient illumination on 
the glass screen beyond the test field, and in the rest of the room, was at about the 
threshold between photopic and scotopic levels. 

With appropriate variation of the flicker conditions it was possible to reproduce 
many of the subjective forms and figures reported by others, such as the "Licht- 
schattenfiguren” of Purkinje;' the achromaticness of a flickering, chromatic, periph- 
eral field reported by LeGrand and Geblewicz:* the floating “ubiquitous violet 
cloud” reported by Gebhard, Carriére," and others; the relatively stable violet 
flecks on a yellow-green ground reported by Brown and Gebhard for the un- 
stimulated eye in monocular viewing; the chromatic appearances induced in black- 
and-white pictures as reported by Stewart; and a succession of colors attributable 
to the illuminant and its after-image reported by many others.“ As the observations € 


“R. Pauli and A. Wenzl, Über Farbenempfindungen bei intermittierendem farb- 
losem Lichte, Arch. f. d. ges. Psychol., 48, 1924, 470-484. 

"J. E. Purkinje, Beiträge zur Kenntniss des Sehens in subjectiver Hinsicht (1819), 
reprinted in his Opera Omnia, 1, 1918, 6-9. 

Y. LeGrand and E. Geblewicz, Recherches sur la vision latérale, Rev. Opt. 

(théor. instrum.), 17, 1938, 257-274. 

*J. W. Gebhard, Chromatic phenomena produced by intermittent stimulation of 
the retina, J. Exper. Psychol., 33, 1943, 387-406. 

Z. Carriére, Virage du blanc au violet par vision stroboscopique, J. Phys. 
Radium, 9, 1948, 122-129. 

* See the review by Cohen and Gordon, op. cit., 97-136. 

"C. R. Brown and Gebhard, Visual field articulation in the absence of spatial 
stimulus gradients, J. Exper, Psychol., 38, 1948, 188-200. 

? G. N. Stewart, Color phenomena caused by intermittent stimulation with white a 
light, Amer? J. Physiol., 69, 1924, 337-353. b 

“Cohen and Gordon, op. cit., 97-136. 


BINOCULAR SUBJECTIVE COLORS 495 


continued, however, unique and striking subjective colors appeared under relatively 
restricted conditions which could not be found under other conditions. 

Prior to the appearance of the red and blue colors with which this report is 
principally concerned, the author, serving as O, had consistently reported the 
fluctuating, moderately bright, moderately saturated violet cloud surrounding a 
bright, unsaturated, greenish-yellow central (foveal) area which had been re- 
ported by others." The ubiquitous violet cloud was seen over a considerable range 
of color temperatures and pulse-rates, for short and long viewing intervals, for 
both small and large fields, and for both monocular and binocular viewing. When, 
however, the conditions were narrowed to give pulsed luminances of 600 to 650 
footlamberts, at pulse-rates of 37 to 43 c.p.s., for the 40° field, for viewing intervals 
from roughly 10 sec. to 2 min., and for binocular viewing (only), new and striking 
subjective colors appeared which could not be found beyond the limits set by these 
conditions. Their appearances was, however, independent of color temperature, and 

. remained unaltered, with each of the six moderately chromatic filters in the beam. 
O reported that superimposed on the violet cloud was a large area of a brilliant 
red, judged to be equivalent in appearance to Munsell 5R 6/12 (viewed under 
Macbeth daylight), and a comparably large area of a brilliant greenish blue, judged 
as 10B 6/8. These two colors seemed to occupy the same or overlapping large 
central areas at what could be the same or successive moments. They seemed to 
fluctuate in depth so that one color could be described as being seen through the 
other, although either color could be seen in either position. The colors appeared 
in a shimmering form of the volume mode of appearance, and had ever-changing 
indefinite edges. Each was overlaid almost always with a checkered pattern of white 
pinpoints or stars. The colors were so striking and obvious, and so unexpected, 
that further study seemed desirable. 

The appearance of both colors was verified by several uninstructed Os, and ob- 
served again and again by the author. It was found that casual viewing without 
rigid fixation, accompanied by frequent forced (or involuntary) blinking and eye 
movements, with occasional ‘rest’ acquired by looking at the darker surround, made 
it possible to continue to see the colors for an extended period of time. Persistent 
fixation, without eye movements, on the bright flickering field resulted in the dis- 
appearance of the colors after several minutes. The colors usually appeared first 
after about 5 to 10 sec. of viewing. One O was unable to see the colors in a num- 
ber of attempts. Two others did not see the colors at first but in subsequent sessions 
reported them immediately and unambiguously. The colors are so vivid and their 
areas so large that they cannot easily be overlooked when they do appear. T 

The fact that they were seen only in binocular vision is particularly interesting, 
Since other subjective colors may be seen with either eye alone as well as binocularly. 
This binocular requirement was verified many times when, by closing one eye or the 
other while the colors were present, the colors always disappeared and left a neutral 
Bray flickering pattern, or the violet cloud, or both. Also, by fixating beyond the 
test-field, that double vision of the circular flickering field was attained, the colors 
persisted up to the edge of the binocular portion of the field but cut off sharply 
at the boundaries of the binocular and monocular pasts of the field, and never 


" Cohen and Gordon, op. city 97-136. 
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It was possible that closing one eye decreased the effective luminance of the 
field, and that monocular luminance comparable to that previously found in the 
binocular field might be required for appearance of the colors. Consequently two 
types of check observations were made. In the first, as one eye was closed the 
monocular luminance was simultaneously increased to a level approximately equal 
to that required binocularly for appearance of the colors. In the second, the 
luminance of the test-field was present at the high level, one (or the other) eye 
was covered with an opaque patch, and monocular observations alone were made. 
In neither situation, with repeated series of observations, did the colors appear. These 
observations supported the notion that simultaneous external stimulation of both 
eyes is required. 

As a means of getting some idea of the generality of the phenomenon, a flicker- 
field was devised which utilized a General Radio Strobolux 648-A as the variable 
pulsing source. The Strobolux was triggered by a General Radio Strobotac 631-B. 
The argon lamp of the source was of considerably higher color temperature (about 
9000°K) than any used in the first series of observations. Its luminance could not 
be estimated accurately but it was at a high level, The light-dark intervals had 
approximately a one-to-four ratio when the Strobotac was set at 40 c.p.s., as com- 
pared to one-to-one in the earlier observations. A gray cardboard screen of about 
Munsell N5/ was used as a surround in which a circular hole was cut that sub- 
tended a visual angle of 18° at the O's eye. Variable illumination of the surround 
from 0.18 to 13 footlamberts was obtained with a bank of four Macbeth daylight 
(9000°K) lamps. Pulse-rate was varied, in steps of about 2 c.p.s., from 30.1 to 
60.0 c.p.s. 

Four Os were used who in preliminary observations had been able to see the two 
colors quickly and with no question. One O, the author, made six series of observa- 
tions and each of the other three Os made one series of observations. A series con- 
sisted of one observation at each of 11 pulse-rates at each of seven levels of surround 
illumination. O was seated before the field and given 5 min. to adapt to the 0.13 
footlambert surround level. The flickering field was then exposed for 15 sec., after 
which it was covered with a piece of the opaque surround material for 30 sec. 
During the 30-sec. interval after the exposure, the observer reported ‘yes’ or ‘no’ 
concerning the appearance of the distinctive red and blue colors. He was instructed 
to ignore the violet cloud which usually was also apparent. In addition, he estimated, 
where possible, the proportion of the 15 sec. during which the red and the blue 
colors were present. Responses were recorded by E. At the end of the 30-sec. 
interval, during which the surround was viewed, the field was again exposed for 
15 sec. at a different pulse-rate, but at the same surround luminance level, until 
all 11 pulse-rates had been used at that level. Then the surround luminance was 
changed, O readapted for 3 min., and the observations were continued. Pulse-rate 
was randomized for the exposures at each surround luminance level, but luminance 
levels of the surround were varied in order from low to high or from high to low to 
permit progressive adaptation to the new level. In the case of the author who made 
six series of observations, half were made with luminance levels progressing from 
low to high and half in the reverse order. 

The frequencies of the ‘yes’ responses, indicating the appearance of the colors, 
are shown in Table I. It may be seen that they center around 40 c.p.s., and that 
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the range of effective pulse-rates decreases as surround luminance level is increased. 
That temporal part of each pulsed interval during which the blue and red were 
present varied greatly from one observation to another and among Os. There was 
no consistent predominance of one color over the other. 

In addition to the systematic observations by these four Os, all of whom could 
see the colors within a few seconds after the field was exposed, seven other Os 
were asked to look at the 18° field, with the surround at the 0.13 footlambert level 
and with the pulsed source at 40 c.p.s., and report what they saw. This combina- 
tion of conditions was employed because the more systematic observations reported 


TABLE I 
Frequency wrrH watch THE Rep AND BLUE Corons Were Szen 


Each entry in the table could have a maximal frequency of 9 if the colors had 
been seen at all pulse-rates and surround luminance4evels 


Pulse-rate of Surround luminance in footlamberts 
test/field L————— URL "Total 
(in c/s) 0.13 14^ $89 S eee 13.0 
60.0 o o o o o o o o 
56.6 o o o o o o o o 
53.2 1 o o o o o o 1 
50.0 1 1 1 1 o o o 4 
46.7 4 2 1 1 1 1 o 10 
43.4 7 3 2 2 1 2 ° 17 
40.0 9 9 6 "7 2 I o 34 
36.7 3 3 2 1 o o o 9 
33.3 2 o o o o o o 2 
31.7 o o o o o o o o 
30.1 o o o o o o o o 
Total 27 18 n2 n v: 4 ° T 


above indicated a greater likelihood that the colors would be seen most frequently 
under these conditions. The Os varied in the amount of information they had con- 
cerning what they were expected to see. Five Os reported the colors almost im- 
mediately and unambiguously. Two Os, however, who observed a number of times 
over a period of several months, have been consistently negative in their reports. One 
of these Os was the one who could not see the colors under the earlier projector 
conditions. There is little likelihood that the colors were present but ignored. When 
the colors appear, they are so very prominent in the field, and so striking as colors, 
it seems impossible that they would be overlooked. All the Os had normal color 
vision as determined by AO plates and the Nagel anomaloscope. 

The necessity for using both eyes in order to see the colors was verified by all 
of the Os who could see the colors at all. This was done both by closing one eye 
at a time, and by fixating beyond the field to give a part binocular, part monocular, 
field as in the earlier observations. 

The author again was able to see the same blue and red colors when viewing the 
flickering feld through Kodak CC50 red, yellow, green, cyan, blue and magenta 
filters. In spite of a hue-change in the flickering illuminant the same red and blue 
were seen. " 

The author also observed, on moving his head toward the field as close as he 
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could (until his visual angle was about 150°), that the colors appeared much 
less frequently and remained in the central portion of the field in an area subtending 
an estimated angle of 20°. In this case, of course, the ‘surround’ flickered and was 
of the same brightness as the test-field since the surround and test-field actually con- 
stituted a single continuous field. , 


DISCUSSION 


Brilliant red and blue perceptions are elicited by a binocular field of 
possibly any spectral composition, provided the luminance is relatively 
high and the field is pulsed at about 40 c.p.s. 

These binocular subjective colors have implications for the functioning 
of the visual mechanism. The mechanism must function so as to account 
for a binocular response which is qualitatively different from that observed 
when either eye alone is pulsed by the same stimulus, and which is inde- 
pendent of the spectral composition of the stimulus. Such a mechanism is 
found in the Troland-Fry modulation hypothesis where variation in the 
spectral composition of the stimulus produces differential modulations of 
the optic nerve current.!* The differential modulations are, in turn, associ- 
ated with varying impressions of chromaticness. In particular, Fry's ex- 
plantation of binocular color mixture applies here.!* When the two eyes are 
differently stimulated, as in binocular color mixture, Fry assumes that 
unlike modulations from the two retinas interact in such a way as to pro- 
duce a third kind of pattern in the common cerebral paths. 

To account for unlike modulation patterns in the present case, it need 
only be assumed that the two eyes are responding with some slight differ- 
ence to the same stimulus. This does not seem unreasonable where a rapidly 
pulsed stimulus is used. The response difference could be one of frequency, 
phase, or whatever, but such a difference, plus resolution of the difference 
into a third pattern in the common cerebral paths, could account (as in 
binocular color mixture) for a perception which is different with binocular 
stimulation than with stimulation of either eye alone. The resolved nerve 
pattern could conceivably be a ‘beat’ pattern, in analogy with the auditory 
situation where the simultaneous action of two slightly different sound 
frequencies produces a third pattern. The color perceptions would, then, 
be more related to the ‘beat pattern than to the spectral quality of the 
stimulus. These subjective colors certainly bear some relationship to the 


"L, T. Troland, The enigma of color vision, Amer. J. Physiol. Optics, 1, 1920, 
317-337; 2, 1921, 23-48; and G. A. Fry, A photo-receptor mechanism for the 
modulation theory of color vision, J. Opt. Soc. Amer. 35, 1945, 114-135. 

=G. A. Fry, Binocular integration of hue and brillance, Arch. Opthal. 15, 1936, 
443-456. 
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pulse-rate of the stimulus, since they are only seen when the stimulus is 
pulsed at about 40 c.p.s. 

This speculation concerning differential response can, fortunately, be 
subjected to experimental test. Such a test would require the use of Sher- 
rington's flicker technique so that each eye can be independently stimulated, 
and as monocular variations in frequency and phase are provided.!* Assum- 
ing frequency of stimulation to be the appropriate variable, it may be pre- 
dicted that Os who see the colors when both eyes are stimulated at the 
same (40 c.p.s.) frequency, should not see them if the frequency of the 
` pulsed source is varied sufficiently in one eye as compared to the other. 
In other words, it might be possible to introduce artificially the same modu- 
lated response in two eyes that normally respond with slight differences to 
identical pulse stimuli. Conversely, Os who do not see the colors when 
both eyes are stimulated alike, should see them if the frequency of a 
pulsed stimulus is appropriately varied for one eye as compared to the 
other, 

It may be, of course, that frequency is not the appropriate variable. 
Perhaps the monocular responses are slightly out of phase, in which case 
appropriate monocular phase differences in the pulsed stimulus should be 
effective in eliminating the colors in the case of persons who normally see 
them, or in producing the colors for people who do not normally see them. 
These are at least clues to experimental approaches which could be made 
to a better understanding of the mechanism involved.* It may also be true, 
as Bott has suggested, that other colors can be found by variations of this 
binocular procedure.?° 


SUMMARY 


Introspective observations are reported on two possibly unique subjective 
colors which may be described as a brilliant red and a brilliant greenish- 
blue. The colors seem unique principally because they can be seen only in : 
binocular vision, never, apparently, in monocular vision, Implications for 
functioning of the visual mechanism are discussed, and a testable "beat" 
hypothesis is developed. 


" C. S. Sherrington, On binocular flicker and the correlation of activity of "corre- 
sponding” retinal points, Brit. J. Psychol., 1, 104-105, 26-60. : j 
A verification of the ‘beat’ hypothesis would provide evidence against theories 
of binocular vision which question the ility of central fusion or interaction. 
See G. L. Walls, Is vision ever binocular? Opt. J. Rev. Optom. 85, 1948, 53-43 
and F. H. Verhoeff, A new theory of binocular vision, Arch, Ophthal, 13, 1935, 
-175. . 
ie sigh Bot, Studies on visual flicker and fusion, Cenad. J. Pochod, 4 195, 


THE APPARENT ORIENTATION OF A LUMINOUS 
FIGURE IN DARKNESS 


By Erwin Louis HAHN and S. HOWARD BARTLEY, 
Michigan State University 


Of the many problems of spatial perception, two—shape and orienta- 
tion—are considered in this study, These problems, though age-old, have 
in recent years been attacked from several new points of view. Thouless, 
dealing with the problem of the constancy of shape, has introduced the 
idea of phenomenal regression, i.e. regression to the real object.* He dif- 
ferentiated in his study between the real object (RO), the stimulus-object 
(SO), and the perceived or phenomenal object (PO). This is in essence a 
way of distinguishing between some physical object or shape that retains its 
properties regardless of the conditions under which it exists or is perceived 
by the subject (S) and the actual retinal image of the object received by S. 
Thouless recognized, however, that the object's apparent shape might be 
neither that of the real object nor of the retinal image. Other authors, 
among them Hastorf, have added a fourth object to this list—a conceptual 
or assumed object which we shall designate as AO.? Under some circum- 
stances certain of these objects turn out to be identical, under other condi- 
tions one or another of the objects may be missing. 

An object’s orientation in space is determined in part by its shape, i.e. 
by its SO. In dealing with object-orientation it is advisable, therefore, to 
use the same experimental conditions as used in the study of shape that 
the results may be directly compared. Thouless used several sets of condi- 
tions ranging from those involving unrestricted cues to those with severely 
restricted cues. In the study to be reported here, no field-cues whatsoever 
were present. It was our expectation that with a totally unstructured field— 
a field without orientational cues—that "regression to the real object" 
would not occur in the object’s phenomenal orientation. Such regression 
implies some knowledge on S’s part aside from the immediate perception. 

Although a real object in the objective sense was used the conditions of 


* Accepted for publication August 26, 1953. 

1R. H. Thouless, Phenomenal regression to the real object: I, Brit. J. Psychol., 
21, 1931, 339-359; II, ibid, 22, 1931, 1-30. 

? A. H. Hastorf, The influence of suggestion on the relationship between stimulus- 
size and perceived distance, J. Psychol., 29, 1950, 195-217. 
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the present experiment were so set that no fixed, predetermined, real object 
(RO) known to S was exposed to him. It is possible, however, that S con- 
ceived of the forms presented to him as ‘views’ of some single object. In 
that case, instead of a real object (RO) in Thouless’ sense, he would have 
an assumed object (AO) in Hastorf's sense. Real and assumed objects need 
not be identical and there need be no single object involved in S’s percep- 
tions during the experiments—neither phenomenal (PO) nor assumed 
object (AO) need exist. On the other hand, in an experimental such as 
ours, where repeated presentations are involved, $ may develop some con- 
cept of what is being presented to him and this may come to function as an 
ingredient in his perception of each and every presentation. 

Following Thouless’ work, Miller and Bartley used field-glasses to test 
the effect of optical magnification upon phenomenal regression.® When the 
field is structured, as in Thouless’ experiments, an object viewed through 
field-glasses is seen either closer or larger than with the naked eye. In cases 
of tridimensional objects, there is distortion; the object is flattened in the 
direction of what Bartley called Chinese perspective.* With plane figures, 
such as ellipses and circles tilted in the third dimension, it is questionable 
whether apparent 'distortion'—a change of tilt—is brought about if the 
field outside the figures is unstructured. It was deduced from Miller and 
Bartley's results with a structured field that the apparent tilt of the ellipses 
was reduced, thus paralleling the flattening effect in solid (tridimensional ) 
objects. The evidence was not direct but derived from the fact that phe- 
nomenal regression was much less and even absent in some cases when 
magnification was used. Had the apparent tilts of the objects been deter- 
mined, the question would have been directly answered. 

With the totally unstructured field used in the present study, information 
regarding object-shape and object-tilt has been obtained. The information 
regarding tilt or orientation is reported here; that upon shape will be re- 
ported in another study. 


APPARATUS AND PROCEDURE 

the $ on a totally dark field. This was 
rooms; one for the S and the other 
uipment. A window, 14 in. high and 
ter was at eyelevel when S was 
by means of a black draw-curtain. 


Luminous outline figures were presented 
accomplished by using two contiguous dark- 
for the exposure-stage and the presentation-eq 
28 in. wide, connected the two rooms. Its cen 
seated. It could be opened and closed as E wished 


"J. W. Miller and S. H. Bartley, Object shape as influenced by instrumental 


magnification, J. Gen. Psycbol., 1954, 50, 141-146. : "em 
$ Bartley, A study of the flattening effect produced by optical magnification, Amer, 


J. Optom., 28, 1951, 290-299. e 
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A box, called the stage, was fastened to the wall of the equipment-room opposite 
the window. Its front was open and larger than the inter-room window. In its 
back, which was 1714 ft. from S’s eyes, there was a 7 X7 in. opening in which 
the panel blocks carrying the test-objects were placed. 

All surfaces of both rooms and the stage were painted flat black. The test-objects 
which were painted with luminescent paint, became visible when the ultraviolet 
light source—a General Electric CH4 lamp and accessories, located on the stage 
above the aperture—was turned on. 

The test-objects, 12 in number, were made from 12-guage wire. They were 
outlines of circles or ellipses and are described in terms of their minor and major 
axes as follows: 5 X 5 in.; 4X 5 in.; and 3 X 5 in. These figures were mounted 
in four different positions with reference to S. One of each shape was mounted in 
the vertical (0°); one was tilted 22.5? from the vertical, away from S at the top; 
one at 45°; and one at 67.5°. Each figure was mounted on a 7 X 7 in. panel which 
fitted in the opening in the back of the stage. 

These figures were viewed binocularly by $ with naked eye and through 2- and 
7-power field-glasses. A reduction with an aperture of 2V4 X 314 in. was placed 
30 in. from $ when he viewed the figures with naked eyes. 

Twenty-one Ss were used. Their task was to reproduce on a tilt-board the plane 
in which the figures were seen to lie. The tilt-board, 10 X 7Y in., pivoted on a 
central, horizontal axis, was connected to the shaft of a Variac or variable auto- 
transformer, which lead to a voltmeter in E's room—the readings of which had 
been calibrated in terms of degrees of tilt from the vertical. Thus the angle at 
which S placed the tilt-board was indicated by the voltage reading. The tilt-board 
was covered by a white matte card surface and was visible in the dim light supplied 
by a 7-wa. red bulb suspended overhead. 

S's instructions were as follows: 

You are to be presented visually a series of forms or figures some of which are 
mounted in positions other than upright. Your task is to duplicate the plane in 
which the various figures lie by manipulating the tilt-board in front of you until 
the plane at which you set the tilt-board best approximates the plane in which you 
perceive the object to be oriented. 1 

S was allowed all the time he wished to make his judgments but usually he 
made them promptly. For every condition, distributed randomly throughout a 
given series, 10 readings were made. When a judgment was returned, it was made 
known to E by means of a buzzer; whereupon he recorded the result, drew the 
curtain across the window between the two rooms, and placed another. test-object 
in position. 

The observations of the first half of the experiment were made with the naked 
eye; those of the second half were made with field-glasses. In the series with the 
field-glasses, 12 Ss used 2-power and 9 used 7-power. The second half of the 
experiment was performed two days after the first. 


RESULTS AND INTERPRETATION 


Fig. 1 shows the phenomenal tilts obtained under the three viewing 
conditions, viz., with naked eyes, with 2-power, and with 7-power glasses. 
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The solid curves represent the tilts for the three real objects as they assume 
various stimulus-values or stimulus-shapes. The curve lying to the tight is 
for the circle; the middle curve is for the 4 x 5 ellipse; and the left-hand 
curve is the 3 x 5 ellipse. Thus, if all the responses were to have fallen on 
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The curves show the geometrical relations, and the data depicted in circles, the phe- 

nomenal relations. The left-hand solid curve is for the 3 X 5 ellipse; the middle, the, 

4 X 5 ellipse; and the right-hand curve, the circle. The data represent average tilt 

responses. The solid circles are for responses under 2-power magnification; the open 

circles for 7-power magnification, and the half-open. circles for unaided vision. The 

vertical bars suggest the range over which the data might likely fall if no determining 
factors existed im the targets themselves. 


or approximately on the right-hand curve, they would have shown that 
the Ss were responding to the targets as if to tilted circles. Correspond- 
ingly, if the responses had followed either of the other two curves, the 
data would have indicated responses as if to the object the curve repre- 
sents. As it was, nothing like this happened for any of the tergets under 
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any of the viewing conditions. As would be expected, if no conditions 
were present to determine the existence of a given real object for the Ss 
then all tilts within a very wide range would be equally appropriate. This 
tange would extend from verticality for the narrowest target to the appro- 
priate tilt for a circle having the same stimulus-shape. The fact that we did 
not find any set of responses to follow any of the three curves does not 
mean that nothing existed in the shapes of the targets to influence the Ss to 
respond to them as to specific shapes other than the literal stimulus-shapes 
of the targets themselves. 

Since a tilted circle and an ellipse of the same minor-major axis-ratio are 
not fully equivalent in projected shape, it is possible that this discrepancy 
might be visually detectable by the Ss in our experiments. If so, it should 
function as a foreshortening and play a róle in determining the apparent 
tilt given the target in the 5's responses. 

Table I shows the shapes (minor-major axis-ratios) that the observed 
forms should possess to be consistent with the tilts used in the experiments, 


TABLE I 
Retation Between SO anv PO ror Taree ROs Aann True Viewtnc CONDITIONS 
Viewing RO (5X5) RO (4X5) RO (3X5) 
conditions 
SO PO4 SO PO. SO PO: 
Unaided -383 4.65X5 +306 — 3.20X5 .230 2.60X5 
eye SO] 43X5 -566 — 3.87X5 -424 3.40X6 
N4 4. 65X 5 U39 7X5 -554 $55X5 
1.000  5.00X5 .800  4.50X5 .600  3.80X5 
2-power .383 — a.80X5 306 — 2.15X5 .230 1.55X5 
glasses SO] 3:75X5 +66 = 3.20X5 -424 2.95X5 
934 — 4.05X5 739 3.90X5 -554 3.10X5 
1.000 5.00X5 -800  4.15X5 .600 3.25X 5 
T RAE 3383 7 3.95X5 -306 — 4.40X5 2330 — 2.15X5 
glasses -707 — 4.10X5 .566 — 3.85X5 444 — 3.05X5 
-924 — 4.60X6 739 415X5 -554 3. 60X5 
1.000 5.00X 5 .Boo . 4.30X5 .600 3.50X 5 


"The results with the three different real objects (5 x 5, 4 x 5, and 3 X 5 
minor-major axes) and with the three different conditions of observation 
(naked eyes, 2-power, and 7-power glasses) are listed separately. The data 
indicate that the test-objects were responded to differently, not only under 
the three different conditions of observation but also upon their real 
stimulus-values. We may conclude that even though there was nothing in 
the visual field, except the stimulus-objects (targets) themselves, to con- 
tribute toward distinguishing between the three real objects, the three were 
responded to in different ways. The differences must have arisen from the 
slight dissimilarities between the ellipses and circles tilted to give similar 
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stimulus-values. This was one of the problems that this investigation was 
meant to throw some light upon.* 

‘The values given under PO, in Table I might well be called deduced 
phenomenal shapes to indicate that they are simply the objects which would 
be calculated from the stimulus-objects (targets) and S’s tilt-responses. 
Consider for example the stimulus-object (SO) having a value of 0.383 
(minor-major axis-ratio), the average tilt for the naked eye for the Ss as 
a group was 65.9°. Now a form, to have such a stimulus-value and such a 
tilt, must have a minor-major axis-ratio of 4.65 x 5. Whether the Ss saw 
the target as a 4.65 X 5 ellipse or a form of some other ratio—a circle for 
example—was not told us. If we choose to entertain some such idea as 
regression, we might say that this value was regressing to a 5 X 5 shape. 

Thouless, in his designation of the real object (RO), to distinguish it 
simply from the shape as drawn (PO) and the shape (SO) projected on 
the retina, did not point out that what is to be considered real is open to 
further classification. 

The everyday real object is one which we can see, touch, and examine 
without restriction and still retain the same belief about it. It is independent 
of the momentary variations due to the unique visual perceptual contact 
conditions; but this is not the only basis for the real as far as we are con- 
cerned. Belief in the nature and properties of a given thing may stem 
from verbal descriptions or instructions. The concept eventuating in such a 
case may function with considerable tenacity and form the structuring or 
organizing principle in subsequent individual perceptual contacts, We 
might call the object arrived at in this way the assumed object (40), just 
as Hastorf has done. There is still another ‘object’ to be reckoned with 
and it might have been called the phenomenal object had not the term been 
used as Thouless has done to signify the shape drawn by S when presented 
with a target. The object to which we have reference is the object per- 
ceived in a given situation that may sometimes be different from the draw- 
ing made by S. For example, $ may see an elliptical target not as an ellipse 
in the frontal or near frontal plane but as a tilted circle. Thus the perception 
is neither a copy of the stimulus-object nor an object arrived at by instruc- 
tion nor through the influence of the field surrounding the object—i.e. 
through collateral cues. In the situation we are describing, there is some- 
thing definite about the object itself to effect its being perceived as other 


* A further check on this point could be made. A simple test would consist in 
Presenting the two forms, a tilted circle and an ellipse having the same minor-major 
axis-ratio as the stimulus-value of the circle, side by side a sufficient number of times 
to obtain the probability of correctness of response—distinguishing beWeen the two. 
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than the simple stimulus-shape, or, in other cases, as being perceived as 
nothing but the stimulus-shape. Despite reluctance to add to the already 
complex classification, we give this perception a name of its own and call 
it the observed object (OO). 

In the present investigation we are able to say that the targets, although 
simple, plane, outline forms, possessed enough uniqueness in shape to tend 
to evoke responses to unique objects (OO). These objects (OO) and 
Thouless’ objects (RO) may turn out to be geometrically identical. On the 
other hand, if the foreshortening effect in tilted circles had not been 
enough to distinguish them from elipses of the same shape (SO), then 
the objects (OO) would have been the objects presented in the stimulus- 
shapes (SO) of the targets themselves, This might have happened as 
easily as what was observed in the experiments, 

That the objects, SO, RO, and OO, turn out in some cases to be identi- 
cal is not surprising nor is it a basis for reducing the three categories to a 
single item in the classification. The identity simply shows how close the 
organism comes at times to being actually veridical. That this can be so 
with a simple outline form and in an unstructured field is remarkable, 

At any rate we are dealing in our investigation with observed objects 
(OO), not directly with real objects (RO). Whether we can speak, there- 
fore, about the observed objects (OO) as being those found in the PO;- 
columns in Table I, or must assume that they are the ideal real objects 
(RO), i.e. those known to E, is a question. If the latter, then the old 
problem of ‘regression’ toward such objects returns because the phe- 
nomenal objects (PO) obtained in the experiments were only approaches to 
the values 5 x 5, 4 X 5, and 3 X 5 of the real objects. To answer our 
question, we must have additional information, including protocols from 
our Ss regarding the shapes that they were consciously seeing. Such proto- 
cols would not, however, give complete and final answers in all respects, for 
we have already found some features of the Ss’ responses that function on 
a level below verbalization. From these responses one would have thought 
that the Ss were well aware of certain characteristics of the targets, and 
yet, under questioning, no evidence was obtained to show this was so. 

The results for the 7-power glasses were unexpected. They were more 
like those for the unaided eye than were the results with the 2-power 
glasses. There seems to be no way of accounting for this except to suppose 
that, owing to the short viewing distance, the 7-power glasses brought the 
objects so close to the viewer as to introduce some ‘unreal’ effect, and thus 


to distort the results, This sometimes happens in perceptual experiments, 


in which case some variable that is producing regular shift in results sud- 
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denly fails to be a factor and the organism responds much as if the variable 
now possessed a small or zero value. This is the case in the use of size-lens 
for increasing percentages of meridional magnification. Our suggestion, 
therefore, is that to attempt to account for the unexpected results with the 
7-power glasses, a series of ascending powers between 2- and 7-power 
glasses be used. Such a procedure might well reveal a regular effect up to a 
certain point and from there on, a reversal, 

All of the differences that have been mentioned so far are significant 
beyond the 1-% level of confidence. Actually, there was also a significant 
difference between the ways in which the Ss themselves behaved. This is 
to be expected for the situations were so nearly unstructured as to allow 
for any one of a number of outcomes. That every conceivable outcome was 
not exemplified in the results was possibly due, in part, to not having a 
vast number of Ss, and also was due to some outcomes being much more 
probable than others. The central issue in the study is not the demonstra- 
tion of how great an array of varying responses will eventuate, but a deter- 
mination of the character of the interrelationships between various aspects 
of the perception of forms. The investigation is incidentally a demonstra- 
tion that the nature of perception depends upon the task involved, that is, 
what is asked of S as well as upon the geometry of the targets. 

It would seem that even when the field outside the figures was unstruc- 
tured, the tilted figures tended to be treated as such. All of the Ss used in 
this investigation were first used in obtaining shape responses (drawings) 
to the same targets. In that investigation, nothing was said about tilt or 
target orientation. It is conceivable that the behavior with reference to the 
targets not only depends upon what the immediate task is but upon pre- 
vious tasks with reference to the same targets. This factor was not studied. 


SUMMARY 

The apparent tilts of a number of plane outline forms (circles and 
ellipses) variously oriented with reference to the $ were obtained. These* 
forms were made luminous with ultraviolet light and thus were the only 
visible structure in the fields. They were viewed under three conditions; 
namely, with the unaided eye, under 2-power magnification by field glasses, 
and 7-power magnification. 

Despite the total absence of field-structure outside the targets they were 
readily seen as tilted. Circles and ellipses tended to be distinguished. 

This was made barely possible through the slight difference in shape 
between ellipses and circles that were tilted so d$ to have the same minor- 
major axis-ratios. This is what is ordinarily known as foreshortening. 
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Since Ss were unaware of the ‘true’ nature of the targets, Thouless’ real 
object (RO) was not directly applicable. Instead, Hastorf's assumed object 
(AO) possibly played a róle. To further clarify the matter of response in 
general, an additional item was added to the classification of objects. This 
was called the observed object (OO), the object accruing from conditions 
within the target itself without the participation of differentiations in the 
field conventionally called cues. The doctrine of cues was seen to be inap- 
plicable but a discussion of this was omitted. Such a discussion will appear 
in a later paper from this laboratory. 


FATIGUE IN TWO SIMPLE VISUAL TASKS 
By Curt BERGER and AXEL MAHNEKE, University of Copenhagen 


This research was prompted by the difficulty which often is encountered in at- 
tempts to find quantitative and statistically significant evidence of deterioration 
in the course of prolonged visual work, despite subjective reports of ‘tiredness.” 
Its purpose was to describe the development of fatigue, measured in terms of 
decrement in performance, during the exercise of two relatively circumscribed 
visual functions. 


Experiment 1: Landolt's Ring. With his head held in position by a chin-rest 
(but permitted to move his eyes and to blink), O sat before a white background 
subtending a visual angle of 10° and viewed a broken ring monocularly through 
an artificial pupil 2 mm. in diameter. The apparatus, previously described,* per- 
mitted automatic variation of the distance between O and the test-object at a con- 
stant velocity of 5 cm. per sec. To register his reports, O pushed a button which 
operated an electromagnetic perforator. Retinal illumination was held constant 
(at 3.5 lux) with a Sorensen voltage-regulator and was controlled by a luxmeter. 
For a period of 50 or 60 min., O made a continuous series of acuity-determinations, 
following which there was a 5-min. period of rest in the dark. Then a series of 
20 additional determinations followed. 

The results of three Os are shown in Fig. 1, each point there plotted being 
the mean of 10 determinations. As the curves show, visual acuity decreased in 
the course of work for all Os (18-32%), although the variability of the settings 
(expressed in terms of the SD of the settings) showed no systematic change. 
Acuity increased after the 5-min, rest, but it usually did not attain the pre-work 
level. At the conclusion of the fatiguing period—before the resting interval—all 
Os reported feelings of tiredness. Two suffered from headaches, located above the 
observing eye, which lasted from 30 to 60 min. after the experimental hour. 


Experiment II: Critical fusion frequency. Decrease in the critical fusion fre- 
quency (CFF) of flicker has often been used as an index of central fatigue on the 
assumption that the adequacy of neural functioning is directly proportional to the* 
maximal impulse-frequency which can be differentiated" More than 20 years ago, 


* Accepted for publication May 30, 1953. This study, from the Tscherning Lab- 
Oratory, was supported in part by a grant from the Danish Government. | 

Leonard Carmichael and Walter Dearborn, Reading and Visual Fatigue, 1947, 
1-473, The relation between feelings of tiredness and level of performance is, of 
SORA me Dy. problem (Madison Bentley, Is fatigue tiring? this JOURNAL, 

3 » 264 f. 

* Curt Berger, Some experiments on the width of symbols as determinants of 
legibility, Acta Opsbhalm., 26, 1948, 4 f. i 

Ernst Simonson and Norbert Enzer, Measurement*of fusion frequency of flicker 
B a test for fatigue of the central nervous system, J. Indus. Hyg. Tox.,e3, 1941, 83- 
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Snell reported a decline in CFF in the course of prolonged exposure to visible 
flicker,* but the statistical reliability of his results is sufficiently in doubt to war- 
rant a repetition of that work, Flicker was produced with a rotating disk which 
interrupted a beam of light illuminating a perfectly-diffusing glass surface through 
a circular opening in a metal plate. The flash-frequency could be varied automati- 
cally by approximately two flashes per second. Two Os (both emmetropes) made 
continuous determinations of CFF during a 50-min. period, with no attempt on 
the part of E to control blinking or eye-movements. After a 10-min. rest in the 
dark, 20 additional determinations were made. 

The results are shown in Fig. 2, each point there plotted being a mean of 10 
measurements, half ascending and half descending. Both Os showed a striking 
decline in CFF in the course of continued determinations although there was no 
systematic change in variability (expressed in terms of the SD of measurement.) 
The amount of percental decline (about 10%) did not seem to be related to the angu- 
lar size of the flickering target (0.28° as compared with 1.15°). The amount of re- 
covery during rest (13-15%) seemed to be less than in the work with Landolt's ring 
(70-82%). 


Interpretation. The course of visual fatigue can be determined accurately in 
terms of quantitative measures of performance if the test-stimulus itself is used 
as the tiring agent and some of the compensatory factors (rest-periods) are re- 
duced. In the present instance quite delimited tasks were chosen for study, and 
the testing situation was identical with the fatiguing situation on the principle 
of muscular experiments, in which the weight lifted is both the measure and the 
cause of fatigue. An extension of this approach to a variety of other simple tasks 
should contribute significantly to our understanding of visual fatigue. 


* P. A. Snell, An introduction to the experimental study of fatigue, J. Soc. Motion 
Pict. Eng., 20, 1933, 367-390. 
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BINOCULAR RIVALRY OF ACHROMATIC COLORS 


By Hans WALLACH and PAULINE Austin ADAMS, Swarthmore College 


In an earlier paper one of the present authors reported experiments which strongly 
suggest that achromatic surface-colors (white, gray, black) are the result of a process 
of interaction. This is certainly true of the surface-colors that are perceived in a dark 
room when adjacent areas of the retina are stimulated by two different intensities of 
neutral light. Not only are the achromatic colors seen under these circumstances 
dependent on the relation of the two light-intensities rather than on the absolute 
intensities, but stimulation by two light-intensities also represents the simplest condi- 
tion under which surface-colors are seen; a single bright area in a dark field does not 
look white or gray but has a luminous appearance. Only upon the introduction of a 
second bright area of different intensity (adjacent with the first and preferably 
surrounding it) will the luminous appearance change into that of a surface-color, 
which will be white, gray, or black, depending on the relation of the light-intensities 
in the two areas. If the intensity of the surrounding area is one-half the intensity 
of the inner area, the inner area will look white; if the intensity of the outer area 
is twice that of the inner area, the inner area will look light gray; as the intensity 
of the outer area is further raised, the gray of the inner area becomes darker and 
darker, with a good black appearing at a ratio of approximately 20:1. 

In the light of these results it is interesting to examine the retinal rivalry which 
Occurs when different achromatic colors are presented to corresponding regions of 
the two eyes. Does rivalry depend on the difference in si imulation or on the result 
of interaction, j.e. on the difference in the achromatic colors that would be seen if 
the left-eye-arrangement or the right-eye-arrangement were presented alone? 

The usuat procedure of demonstrating retinal rivalry is compatible with either 
interpretation. When, in a stereoscope, 4 white figure is presented to one eye and a 
congruent black figure to the other eye, both on a gray ground and so arranged that 
their images fall on corresponding retinal regions, strong rivalry is experienced. In 
the retinal images of the two figures, the intensity of stimulation under these condi- 
tions differs by a factor of twenty, and, by viewing monocularly, O would see a 
black figure with one eye and a white figure with the other. It is possible, however, 
to present neutral light stimuli in such a way that achromatic surface-colors wilt 
not be perceived. It also is possible to make O see different achromatic colors in 
each monocular view when the intensities of stimulation in the corresponding areas 
are the same. The usual coincidence of difference in color with difference in stimula- 
tion can thus be avoided. 

Method. The experiments were done with an arrangement similar to that described 
in the previous paper. Of two identical lanterns placed side by side in a dark room, 


* Accepted for publication June 29, 1953. d N 
* Hans Wallach, Oe eae and the naturé of achromatic colors, J. Exper. 


Psychol., 38, 1948, 310-324. . 
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ting which surrounded the disk, the inner contour of the ring coinciding with the 
edge of the disk. Another pair of lanterns produced an identical ring-disk arrange- 
ment at some distance from the first. The diameter of the disks was 6.50 in. and 
the width of the rings 4.25 in.; the distance between the centers of the disks was 
50 in. By a procedure described in the previous paper, the lights of the lantern 
beams were so adjusted at the outset that all four areas were of the same intensity. 
The intensity of each area could be altered independently in well-defined steps by 
placing episcotisters with openings of different size in the lantern beams, 

The O was placed at a distance of 14 ft. from the screen in a symmetrical position 
with relation to the two ring-disk arrangements. He had before him a set of four first 
surface mirrors comprising a stereoscope which made it possible for him to see a 
different ring-disk arrangement with each eye. When the mirrors were properly 
adjusted, a fused image of the two ring-disk arrangements appeared straight ahead 
of O at the distance of the screen. 


Experiment 1. In the first experiment the intensities were so adjusted that the 
colors of the two disks were different enough to produce rivalry when the two 
ring-disk arrangements were fused. For the left eye, the ring was at full intensity 
and the disk at half that intensity (the episcotister in the beam of the disk was 
opened 180°); under these conditions the disk was light gray. For the right eye, 
the ring was at full intensity, but the disk was at only 1/12 of the maximal intensity 
(30° episcotister-opening) ; in direct view, therefore, the disk appeared dark gray. 
When the lanterns which projected the rings were turned off and only the disks were 
visible, the disks appeared as luminous spots, the left one bright and the right one 
rather dim. 

Ten Os, undergraduates of Swarthmore College, served in this experiment. All 
had previous experience with binocular rivalry, having served weeks before in 
another experiment. They were presented (individually) first with the ring and disk 
arrangements described above. When the two patterns were fused stereoscopically, all 
10 Os reported rivalry. The period of observation was limited to 10 sec. to guard 
against the appearance of after-images which might be reported as rivalry. Binocular 
rivalry between the light and a dark gray consisted in a slow but steady sequence 
of changes between lighter and darker colors; careful observation was necessary to 
notice it. The rings were then eliminated and the Os stereoscopically fused the 
resulting luminous spots. Nine of the 10 Os did not detect any rivalry although they 
were looking for it. Only one O reported rivalry, and we suspect that here a sudden 
«ye-movement caused him to mistake an after-image shifted from the disk-area for 
rivalry. 

These results indicate that differences in stimulation will lead to rivalry only 
under conditions in which surface-colors are perceived. The experiment demonstrates 
the róle of the interaction-process in a rather striking fashion. Since rivalry occurred 
only when the rings were added, and since the two rings were of the same intensity, 
the cause of rivalry must lie in the juxtaposition of ring and disk. Only the differ- 
ence in the relation between the intensities of ring and disk can have been re- 
sponsible. 


Experiment 2. This experiment was similar to the first except that the colors 
produced by interaction were white and gray instead of light gray and dark gray. A 
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group of 10 Os different from those of the first experiment were presented first with 
the luminous disks alone and then with ring-disk arrangements yielding surface- 
colors. The disk-intensities were again produced with episcotister-openings of 180° 
and 30°, and when they were presented without rings the disks appeared luminous, 
one bright, the other dim. For each ring, the episcotister-opening was 90°. When 
the rings were present they made the more intense disk appear white and the other 
one gray. All 10 Os reported fusion when the luminous disks were stereoscopically 
combined, but they reported strong rivalry when the rings were added. These results 
confirm those of Experiment 1. 

It should be mentioned that observation of rivalry in this experiment is complicated 
by the fact that the contours of the white and of the gray disks do not fuse. It is only 
by virtue of the fusion of the outer ring-contours that the two monocular patterns 
stay stereoscopically combined. The difficulty stems from the fact that opposite 
gradients give rise to the formation of the inner contours in the two monocular 
arrangements. 


Experiment 3. This experiment was designed to demonstrate in the most direct 
fashion that rivalry depends on interaction, i.e. on the difference in the achromatic 
colors as seen in each monocular view rather than on the difference in stimulation 
as such, The hypothesis was tested that a difference in stimulation which does not 
lead to a difference in perceived color fails to produce rivalry. 


5 


TABLE I 
Resutts or Exeertment II 
Episcotister-opening (degrees) No. of Os reporting 
Test left ight 
— OMM Fiere fusion rivalry 
ring disk ring disk 
E > g 6o 360 40 o 24 
3 9o 60 360 240 22 2 
3 90 10 360 40 20 4 
4 9o 6o 9o 40 24 o 
i 9o r 360 — 24 o 
6 — 6o pss 40 24 o 


To produce rivalry with approximately equal intensities in the two disks, a lantern, 
heam passing through an episcotister with a 60°-opening produced the disk for the 
left eye and a beam through a 40°-opening produced a disk for the right eye. 
Markedly different colors were given the disks by surrounding the left one with a 
ring whose light passed through an episcotister-opening of 90° while the ring of 
the right disk was of maximal intensity. The ring-disk ratio for the left eye was 
3:2 (which gave a very light gray disk), and the ratio for the right eye was 9:1 
(very dark gray disk). These settings were used for Test 1 (Table I). The tests in 
which the ring-disk ratios were the same for both eyes were made by keeping intact 
the Test-1 arrangement either for the left eye or the right eye and varying the other 
appropriately (Tests 2 and 3 of Table 1). Test 4 was a control to demonstrate that 
disks at episcotister-openings of 40° and 60° surrounded by rings of equal intensity 
would not give rise to rivalry. Test 5 was intended to demonstrate that rings alone 
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would not produce rivalry despite marked differences in intensity. Test 6, as shown 
in the table, completed the experimental design. For this experiment, 24 inexperi- 
enced Os (undergraduates of Swarthmore College) were used. They were first made 
familiar with the phenomenon of rivalry by letting them view in a mirror-stereoscope 
a light gray disk with one eye and a black disk with the other eye, both on a medium 
gray background. Following this training, each O was given the six tests in the 
order: 5, 2, 1, 3, 6, 4. ` 

The results are shown in the last column of Table I. Only Test 1 produced 
consistent reports of rivalry, whereas Test 2 and Test 3, as well as the other tests, 
produced a strong preponderance of reports of fusion. All results are significant at 
better than the 1-% level of confidence, and we are inclined to attribute the six 
rivalry reports obtained in Tests 2 and 3 to shifting after-images. This experiment 
demonstrates, therefore, that when disks of nearly identical intensity appear as 
different colors (Test 1), rivalry develops consistently, but, when disks of markedly 
different intensity appear almost identical (Tests 2 and 3), fusion is successful. 


Conclusion. Interaction-conditions determine the mode of appearance of neutral 
colors and the brightness of achromatic surface-colors. Whether two areas stereo- 
scopically combined will display binocular rivalry also depends on interaction rather 
than on local stimulation. 
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AN ANALYSIS OF THE FORMATION OF VISUAL 
DISCRIMINATIVE HABITS OF 
RHESUS MONKEYS 


By J. M. WARREN, University of Texas 


An early variant of S-R theory states that the difficulty of a discriminative prob- 
lem involving recurrent stimuli is a function of the differential excitatory strengths 
associated with the positive and negative stimuli; the excitatory strength of a 
stimulus being dependent on the relative number of times it has been reinforced 
or non-reinforced in previous discriminations? Thus, if the positive member of a new 
pair has been rewarded more frequently than the nega! ive in previous pairings with 
other stimuli, this new problem will be solved quickly, and the number of errors 
made by individual Ss will be correlated (negatively) with the magnitude of the 
difference in frequency of reinforcement in favor of the positive stimulus. - 

Spence obtained significant rank order correlations between R (a measure of the 
difference in the excitatory strengths of the positive and negative stimuli) and 
performance on a series of tests involving recombinations of a small number of 
stimuli. He concluded that "discrimination-learning is a cumulative process resulting 
from differential reinforcement and non-reinforcement of responses to relevant 
stimulus-components.’” 

Lashley later tested Spence's theory with respect to the relevance of stimulus- 
components and the cumulative effects of reinforcement, and demonstrated that 
differential reinforcement affects only those components of a compound stimulus 
toward which S is set to respond." Since this demonstration of perceptual dominance 
in 1942, S-R theorists have largely restricted themselves to consideration of stimuli 
varying in a single dimension. Lashley also repeated Spence’s experiment in an 
attempt to evaluate the adequacy of cumulative reinforcement and non-reinforcement 
as a sufficient explanation of discriminative learning. He found, however, that 
correlational analyses, based on small samples, were not sufficiently precise to dis- 
tinguish the alternative predictions of continuity and non-continuity theory. 

More recently, studies of the formation of learning sets in primates suggest that 
Spence's experimental design may yet provide a critical test of continuity theory 
Especially relevant is Riopelle's observation that both positive and negative transfer 
are suppressed as the formation of learning set progresses: "During the first phase 


* Accepted for publication August 5, 1953. This work was conducted at the 
Radiobiological Laboratory of The "University of Texas and United States Air Force, 
and was supported (in part) by funds provided under Contract AF 18 (600)-165 
with the USAF School of Aviation Medicine, Randolph Field, Texas. | E 

*K. W. Spence, Analysis of the formation of visual discrimination habits in 
chimpanzee, J. Comp. Psychol., 23, 1937, 77-100. 

i Spence, zbid., 97. e 4 ; SUME 

K. S. Lashley, An examination of the Vm LAPIS as applied to discrimi- 
native learning, J. Gen. Psychol., 26, 1942, 241-265. e 

‘H. F. Hadow, The Ei of learning sets, Psychol. Rev., 56, 1949, 51-65. 
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of the experiment performance on reversal problems was negatively correlated with 
performance on the original problems, but the correlation approaches zero with 
increased practice," 

Spence used chimpanzees which had quite variable amounts of training on visual 
discriminative tasks, and it is impossible to estimate the degree of learning set 
attained by the experienced Ss. In view of Riopelle's findings regarding the suppres- 
sion of transfer during the formation of learning set, it is predicted that a group of 
telatively sophisticated monkeys would show little or no transfer within a series of 
tests such as Spence used, and thus yield very low order correlations between 
response-strength and performance. All the Ss which served in the present study had 
Previously received 75 days’ training on visual discriminative tasks. This homo- 
geneous group provides an opportunity for comparing the prediction of Spence's 
theory with the predictions implicit in the studies of learning set. 


METHOD AND PROCEDURE 


Subjects, The animals (12 rhesus monkeys) used as Ss in this study had identical 
testing experiences: 15 days' training on a 15-pair concurrent discrimination habit; 
36 days' on visual acuity problem; 5 days' retraining on the concurrent discrimina- 
tion; and 18 days' testing on a series of object-discriminations. 

Apparatus. The Wisconsin General Test Apparatus was used throughout.’ The 
stimuli were 3 sq. in. black figures (cross, circle, triangle, and rectangle) cut from 
3/8-in. plywood and nailed on 3 by 3 in. white squares. The identical background 
Square were 5/8-in. pine stock; similar objects were illustrated in a publication 
by Harlow’ 

Procedure, Each of the six paired combinations of the four stimulus-objects was 
presented to 2 of the 12 Ss each day, the order of presentation being counterbalanced 
by use of a latin square. (The same latin square was replicated, since it was un- 
certain that laboratory requirements would permit all $s to complete testing.) 

"Thus, the six paired comparisons of the forms were orthogonal to ordinal position 
and the possibility of interaction between differential difficulty of the several 
comparisons arising from stimulus preferences and the pattern of reinforcement was 
minimized. 

The designation of positive and negative stimuli shown in Table I is essentially 
identical with Spence's through Test 2; Test 3 was substituted for Spence's test of 
the same number, because results in agreement with continuity theory would most 
probably be anticipated on this test since the now positive D-stimulus had been incor- 
rect on two previous occasions. The now negative A-stimulus had been correct in , 
two preceding problems. Test 4 is not strictly comparable with any of Spence's 
tests, One problem, consisting of 100 non-correction trials, was presented each day 
for six testing days. 


^A. J. Riopelle, Transfer suppression and learning sets, J. Comp. & Physiol. 
Psychol, 46, 1953, 113. 

J. M. Warren, Some stimulus variables affecting the discrimination of objects 
by monkeys, J. Genet. Psychol. (in press). 

* Harlow, op. cit. 

* Harlow, Studies in discrimination learning by monkeys: V. Initial performance 
by experimertally naive monkeys on stimulus-object and pattern discrimination. 
J. Gen. Psychol., 33, 1945, 3-10. 
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RESULTS 


shows the number of animals which attained the criterion of 16 correct 
s in the last 20 trials (P<.01), and the mean percentage errors in 100 
on the six discriminative problems. Continuity theory implies that the pre- 
ary habits and Test 2 should be approximately equal in difficulty since neither 

s has acquired excitatory strength through reinforcement. The theory further 
‘that Tests 1, 3, and 4 should be more difficult than the preliminary habits . 
t 2, since the negative stimulus is either approximately equal (Test 1), or 


TABLE I 
PERFORMANCE ON THE SERIES or DISCRIMINATIVE PROBLEMS 
Stimuli % Number % 

Problems — eros attaining i 

d positive negative (all Ss) criterion 

liminary: x 

Habit 1 A B 16.4 12 16.4 
ic Habit 2 , [e D 20.3 12 20.3 
E- 1 A c 18. 3 10 19:3 
Test 2 B D 25 9 15.7 
Test 3 D A 54:7 4 43.0 
— "Test 4 c B 23.0 9 13.2 


(Tests 3 and 4), in excitatory strength than the positive, Analysis of variance 
$ that variation due to ordinal position in the series of discriminations (ie. 
of reinforcement) was the only significant variable, but Tukey's gap-test 
cates that only Test 3 differs reliably from the mean of the remaining tests and 
reliminary habits. Thus, these results confirm continuity theory in only one 
Cases. 

cumulative effects of reinforcement and non-reinforcement in the preliminary 
ts and Tests 1 and 2 on performance in the subsequent tests are summarized 
‘able II, which gives the correlation of R (defined by Spence as a measure of the 


TABLE II 
Rang Orper CorreLATION Between R (ExctrATORY STRENGTH) 
AND Two MEASURES or DISCRIMINATIVE LEARNING 

Range of Correct res Total 
E" Tovalues Trials x Py errora 
I —.53 Tan 
2 2 —.31 T4 
3a 58 en fax T 

3i 84 -12 =. 
4a 35 +.06 +.06 
4b 59 —.21 —.15 

number of 


orcements they had previously received) with the number of correct responses 
the first 20 trials, and with the total number of errors. The values of R for 


J. W. Tukey, Comparing individual means in the analysis of varianet, Biometrics, 
1949, 99-114. 
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Tests 1 and 2 were calculated according to the same formulae used by Spence (for 
Test 1: R=the number of times A was reinforced minus the number of times C 
was reinforced. For Test 2: R = the algebraic difference of the number of times D 
was non-reinforced minus the number of non-reinforcements received by B). Two 
methods were used in computing the value of R for Tests 3 and 4 based on the two 
possible interpretations of Spence's theory. In Case a, it was assumed that the posi- 
tive stimulus had zero response strength, since it had been extinguished (Test 4) 
or had never been reinforced (Test 3) ; the value of R is then simply the negative 
of the number of times that A or B had previously been rewarded. In Case 5, the 
now positive stimuli were assumed to have negative excitatory strength equal to 
the number of previous non-reinforcements, and R was, therefore, equal to the 
algebraic difference of the number of times the positive stimulus had been non- 
reinforced minus the number of times the negative stimulus had been reinforced. Since 
three Ss failed to attain the criterion of learning on Tests 1 or 2, the correlations 
for "Tests 3 and 4 are based on nine Ss only. It is apparent that only low and incon- 
sistent correlations were obtained; the single significant value, (rho>.51), the cor- 
relation between R and correct responses on Trials 1 to 20 of Test 1, is opposite in 
sign to the comparable correlation reported by Spence. 

Thus, the data of this study indicate that Spence's theoretical schema for dis- 
criminative learning does not hold for even partially sophisticated Ss. It is true 
that a significant increase in errors occurred on Test 3 and this finding indicates 
that reinforcement and non-reinforcement of individual stimuli has some effect on 
learning to discriminate between them. The failure to obtain significant correlations 
between R and performance, and the fact that Tests 1 and 3 were no more difficult 
than theoretically easier discriminations, suggest, however, that the predominant 
response tendency for these monkeys was to approach each recombination of stimuli 
as new problem, in spite of discrepancies in the number of times the positive and 
negative stimuli had been rewarded. This interpretation is supported by the observa- 
tion that the Ss manifested no strong preferences for any stimulus. 


SUMMARY 


This experiment, a partial repetition of Spence's study with chimpanzees on the 
effect of antecedent reinforcement and non-reinforcement on a series of discrimina- 
tive learning problems, was performed in order to test the generality of Spence's 
results and the continuity theory which predicted them. The result of one of three 

„Critical tests was in agreement with the implications of continuity theory, but the 
only correlation between response strength and performance which was significant 
at even the 5 per cent level of confidence indicated the inverse of the relationship 
predicted by continuity theory. The results suggest that continuity theory can not, with- 
out serious modification predict the performance of test-wise primates. 


— VT S 


COMPARISONS OF INCIDENTAL AND INTENTIONAL 
LEARNING AFTER DIFFERENT NUMBERS OF 
STIMULUS PRESENTATIONS 


By IRVING J. SALTZMAN and RITA L. ATKINSON, Indiana University 


In a recent paper by Neimark and Saltzman it was found that the difference be- 
tween the scores of incidental and intentional learning depends on the rate of 
presentation of the learning material? After four presentations of a list of 14 
numbers where each number appeared for 2 sec., no difference was found between 
the scores of incidental and intentional learning. When, however, the numbers were 
presented at a slower rate of 6 sec. per number, the scores of intentional learning 
were significantly higher than those of incidental learning. While the scores of the 
incidental learners did not change significantly from the fast rate to the slow rate, 
the scores of the intentional learners, on the other hand, increased significantly. 

‘A similar relationship might be expected when the length of the time of exposure 
is held constant, but the number of exposures per item is increased. Specifically, one 
might expect that after only a few presentations of a list of numbers, no difference 
would be found between the scores of intentional and incidental learning, but that 
after many presentations of the list, a difference would be found. The present study 
was designed to investigate this relationship between the number of trials, on the 
one hand, and the difference between incidental and intentional learning scores, on 
the other. 

Procedure. The Ss were 160 Indiana University undergraduate students randomly 
divided into two groups of 80 each—an incidental learning gtoup and an intentional 
learning group. Each group was further divided into four subgroups of 20 Ss each. 
The learning material was a list of 14 two-digit numbers selected from a table of 
random numbers. A different number of presentations of the list was given each of 
the subgroups. The subgroups in each group received either 2, 6, 8, or 16 presenta- 
tions of the list. The rate of presentation of the list of numbers was the same for 


all subgroups: each number appeared for 3 sec. and then was replaced by the next 


number, The numbers were presented by means of an electrically operated memory-e 
drum. A 10-sec. period intervened between successive presentations of the list. 
Four different random orders of the 14 numbers were used. aa 

The Ss in the incidental learning group Were read the following instructions. 


We are interested in finding out the best way to code numbers. Some numbers 
will appear one by one in this slot. As soon as à number appears, We want you to 


irc i S umbers range from 11 to 99. After 
circle that number on the coding matrix. The numbe: ge fro NU RARE 


all the numbers have appeared, there will be a short rest-perio 
repeat the procedure with a different coding matrix. We have 


* Accepted for publication September 3, 1953. s a y 
TRE Neimalk and. L Ji ET Comparisons “of incidental ad intentional 

PEH under different rates of stimulus-presentation, this JOURNAL, 66,, 1953, 
8-621. 
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kinds of matrices, so we will repeat the procedure (2, 6, 8, 16) times. During the 
rest-period you will be able to inspect the next matrix to see how the numbers are 
set up. 

The matrices were mimeographed sheets containing the numbers 11 to 99 ar- 
ranged in sequence. On one matrix, (a), the numbers were arranged in four 
columns, on another, (b), in five columns, on the third, (c), in nine columns, and 
on the fourth, (d), in 10 columns. The numbers were arranged in sequence vertically 
on the matrices (a) and (c) and horizontally on matrices (b) and (d). 

The Ss in the intentional learning group were read the following instructions. 

We want to see how fast you can learn numbers. There will be 14 numbers 
ranging from 11 to 99. When a number appears in this slot, you are to circle that 
number on this sheet. A short rest-period will follow each presentation of the 
numbers. There will be (2, 6, 8, 16) presentations. During the rest-period you will 
be given another sheet with the numbers arranged somewhat differently. You are 
to repeat the procedure with the new sheet. Remember, you are to learn as many 
of the numbers as you can. 

For the two subgroups where the list was presented only two times, half of the Ss 
in each subgroup used matrices (a) and (b), and the other half used matrices (c) 


O——O INTENTIONAL 
4——Aa INCIDENTAL 


DERIVED MEAN SCORE 


NUMBER OF TRIALS 


Fic, 1, DERIVED SCORES FOR THE INTENTIONAL AND INCIDENTAL LEARNING GROUPS 


and (d). For the two subgroups where the list was Presented six times, half of the 
Ss in each subgroup used matrices (a) and (b) twice and matrices (c) and (d) 
once, and the other half used matrices (c) and (d) twice and matrices (a) and (b) 
once. For the subgroups where the list was presented eight times and 16 times, each 
S used all fouy matrices twice and four times, respectively. 

Immediately following the last presentation of the list of numbers, each $ was 
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given a recognition-test. The 14 numbers of the learning series plus 42 additional 
two-digit numbers were randomly arranged in four columns on a mimeographed 
sheet. Each $ was requested to circle all the numbers which he recognized as having 
appeared on the memory drum. Two minutes were allowed for the test. 

Results. Scores on the recognition-test were derived by subtracting from the 
number of correctly circled numbers, the number that might be expected to be correct 
by chance. One of every four numbers circled was considered to be correct by chance, 
For example, if $ circled 8 numbers, 7 of which were correctly circled, his score 
would be 7 minus 2 (8/4 — 2), or 5. Means of the derived scores were computed 
for each subgroup and are shown graphically in Fig. 1. An analysis of variance 

_ yielded an F of 12.90 for the difference between the intentional and incidental learn- 
ing groups and an F of 11.90 for the differences between the different numbers of 
presentations of the list. Both of these values are significant at the 0.1-% level of 
confidence, Table I shows the means and the differences between the means of the 


TABLE I 
Means AND Dirrerences Between Means or Derven Scores 
Groups 
Number of Dif. t p 
presentations Intentional Incidental 
learning learning 
2 4.46 4.28 0.18 0.50 .616 
6 4.85 4.66 0:19 0.28 764 
8 5.98 4.89 1.09 1.85 064 
16 8.12 5.31 2.81 4.44 001 


intentional and incidental learning subgroups for each of the different numbers of 
presentations of the list. The ¢-values for the differences and their corresponding 
probabilities are also shown. Table II contains comparisons of the mean scores of 


TABLE II 


Dirrerences Between THE Denivep MEANS OF THE 
Suscrours rN EAcH Group 


Groups 

Subgroups Intentional learning Incidental learning 

red Diff. t Pp Dif. t p 
62 0.39 0.66 -484 0.38 0.74 -482 
8a 1.52 3.38 „001 0.61 1.08 .270 
16-2 3.66 7.14 O01 1.03 1.77 072 
8-6 1.13 1.71 .o88 0.23 0.36 .688 
16-6 3.27 4.66 001 0.65 1.07 am 
16-8 2.14 3.61 -001 0.42 0.68 «484 


the four subgroups within each of the two groups. The table also shows the /-values 
and probabilities. ionshi| 
Discussion. Inspection of Fig. 1 shows quite clearly that the relationship that was 


expected between the number of presentations of the list and the difference between 
Š obtained in this study. No 


the scores of incidental and intentional learning was j 
difference between the scores of incidental and intentional learning was found after 
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only a few presentations of the list, but a difference was found after many presenta- 
tions. The differences between the scores after 2, 6, and 8 presentations were not 
found to be statistically reliable. After 16 presentations of the list, however, the 
scores of intentional learning were found to be reliably higher than the scores of 
incidental learning (see Table I). The reliable difference between the two groups, 
which is found only after 16 presentations of the list, is a result of the increase 
in the scores of intentional learning in conjunction with the lack of an increase 
in the scores of incidental learning. None of the differences between the means of 
the subgroups in the incidental learning group was statistically reliable. On the other 
hand, statistically reliable increases in the scores of the intentional subgroups were 
found when the number of presentations of the list was increased (see Table II). 

The previous study by Neimark and Saltzman found that the difference between 
the scores of incidental and intentional learning depends on the rate of presentation 
of the learning material: no difference between the scores was found at a fast 
(2-sec.) rate of presentation, but the intentional learning scores were significantly 
higher than the incidental learning scores at a slow rate (6 sec.)? The present 
study yielded similar results, The difference between the scores of incidental and 
intentional learning depends on the number of presentations of the learning material: 
no difference between the scores was found after few (2, 6, or 8) presentations of 
the learning material, but the scores of intentional learning were significantly higher 
than the scores of incidental learning after many (16) presentations, Summarizing 
the results of both studies, we may say that the difference between incidental and 
intentional learning depends on the total exposure-time of the stimulus-material, 
where total ‘exposure-time can be manipulated either in terms of (a) the duration 
of each exposure or (b) the number of exposures. 


* Neimark and Saltzman, op. cit., 618-621. 
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APPARATUS 
THE MEASUREMENT OF AUTOKINETIC MOVEMENT 
By Cec. C, BRIDGES and M. E. BITTERMAN, University of Texas 


In a recent review of the literature on autokinetic movement, Reinwald 
noted that the chief obstacle to systematic research on the problem has 
been the lack of a suitable technique of measurement.* Verbal estimations 
by O of the extent and direction of movement are obviously inadequate 
for any but the crudest purposes. Asking O to trace the course of move- 
ment as it occurs—a method first employed by Guilford and Dallenbach— 
represents a considerable advance over verbal description,’ and the tracings 
are especially useful when a temporal frame of reference is provided by 
small ‘jogs’ of O's pencil made in response to a regularly recurring signal.* 
At best, however, the tracing method permits serious distortion of the 
pattern and the extent of movement. In one experiment by Reinwald, 
gross errors of size and shape appeared in the productions of Os who were 
shown a simple contour at a distance of 5 m. and asked to trace it on a 
piece of paper without looking at the pencil (in the same manner as the 
path of movement is traced in experiments on autokinesis). Reinwald also 
reported that trained Os often are surprised, after a period of autokinetic 
Observation, at the marked discrepancies between the movement they have 
experienced and the tracings they have made. 

The method reported here represents a quite different approach to the 
problem. The principle is simple: O is provided with a lever which permits 
him to vary the position of the autokinetic stimulus in the frontal-parallel 
plane; he is told that the point of light will be moved from its original * 
Position by a special mechanism and that he is to return it always to its 
starting point. The task is thus presented to O as a problem in tracking, 
and the course of autokinetic movement is indicated (inversely) by the 
readily recorded physical movement of the stimulus. It should be noted 
that even sophisticated Os, who know that the movement for which they 


.F. L. Reinwald, An Experimental Investigation of Conditions Affecting Auto- 
kinetic Sensations, Doctoral dissertation, University of Texas, 1952, 1-199.. 
J. P. Guilford and K. M. Dallenbach, A study of the autokinetic sgpsation, this 
JOURNAL, 40, 1928, 83-91. 7 
Reinwald, op. cit., 51-52. 
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are compensating is illusory rather than real, experience no difficulty in 
the use of this method. ! 

The apparatus is diagrammed in Fig. 1. It consists essentially of a lever, — — 
pivoted in both horizontal and vertical planes, with a point-source of 
light (the autokinetic stimulus) on one end. The lever provides a 5:1 
reduction in movement (e.g. O must move his end of the lever through 
a distance of 5 in. to produce a 1-in. movement of the stimulus), although 


FiG. 1. DIAGRAM OF THE APPARATUS 


any other suitable ratio may, of course, be used. The autokinetic stimulus 
is produced by a small neon lamp mounted behind a 3(,-in. hole in a 
small light-box. The box is set on a pillar which raises the point of light 

» 8 in. above the top surface of the lever (to the eye-level of O). Stops are 
fixed at O's end of the lever to limit its horizontal travel. To enhance 
(for the naive O) the impression that the movement for which he must 
compensate is real, a small electric motor providing noise and vibration 
is attached to the lever just below the light, and a black fibreboard shield 
conceals the absence of a light-moving mechanism. (The motor and shield 
are not shown in Fig. 1.) Threads attached to the lever run to two pens 
of a continuous-feed kymograph which make simultaneous recordings of 
the horizontal and vertical components of movement. Sample tracings are 
shown in Fig. 2. 


j PX adi. up 
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The suitability of the apparatus was examined in a simple study of the 
effect of angle of regard on the direction of autokinesis. A number of 
previous investigators have reported that autokinetic movement is in- 


ERE 
SES 


Fic. 2. SAMPLE RECORDS 


The upper part of each record shows the vertical component and the lower half 
of each record the horizontal component of compensatory movement by O of the 
autokinetic stimulus. The upper record shows two consecutive 2-min. trials, the first 
with the head in the control (C) position and the second with the head tilted 


fluenced by the position of the eyes in the head, with the direction of 
the movement corresponding to the orientation oftheeyes^ e 


*H. A. Carr, The autokinetic sensation, Psychol. Rev, 17, 1910, 42-75; H. F. 
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Observers. The Os were 16 undergraduate women drawn from a large University 
dormitory. They had no knowledge of the autokinetic phenomenon or of the purpose 
of the experiment. 

Procedure, O was seated before the apparatus (in a chair of adjustable height) 
and her head was placed in a rest (made from a baseball catcher's mask from which 
the grill had been removed). The orientation of the head-rest could be varied on 
both the vertical and the horizontal axes. The following instructions were given: 


This is an experiment on tracking and coórdination with reduced visual cues. 
This mask will help you keep your head steady. When I turn off the overhead 
lights you will see a small red light here. Sometime after I turn off the overhead 
light, the red spot of light (here) will begin to move. Your task is to keep the 
spot of light in the same position it started from. Notice that if the light should 
move to the right, you could move it back to center by moving this stick to the 
right, like this (demonstrates). If it moved to the left, you could bring it back to 
center by moving the stick to the left. If it moved up or down, you could bring 
it back by moving the stick up or down. Remember, to bring the light back to 
center you must move your end of the stick in the same direction that the light 
has moved, Notice that you have to move the stick a rather large distance to make 
the light move a rather small distance, You may not be able to keep the light in the 
center at all times, but do the best you can. 


For each O there were seven 2-min. trials in darkness separated by 2-min. rest- 
periods in the light. The first, fourth, and seventh determinations were controls— 
O's head was not tilted or twisted, and the angles of regard (horizontal and verti- 
cal) were zero. On the remaining four trials (the second, third, fifth, and sixth), O's 
head was tilted or twisted (or both) by adjustments of the head-rest, and opposing 
changes in the angles of regard were necessary if O was to fixate the autokinetic 
stimulus. There were four conditions of ‘tilt’: (1) vertical (up or down), (2) 
horizontal (right or left), (3) simultaneous vertical and horizontal tilts in direc- 
tions the same as those employed individually in the first and second conditions, 
and (4) simultaneous vertical and horizontal tilts opposite in direction to those 
employed in the third condition. There were thus four possible combinations of 
these conditions—U-R-UR-DL, U-L-UL-DR, D-R-DR-UL, and D-L-DL-UR, where 
U means: up, D means down, R means right, and L means left. Each combination 
of conditions was used for four Os, each of whom encountered the four conditions 
of the combination in an order given by one of the rows of a 4 x 4 latin square. 


Results, The quantitative results of the experiment were derived from 
"the measurement of graphic records like those illustrated in Fig. 2. Each 
record contains two tracings, the upper showing the vertical component of 
the compensatory movement of the light and the lower showing the 
horizontal component of that movement. At the start of each trial the 
autokinetic stimulus is centered and each pen is on the midline of its 
portion of the chart. Each fragment of record in Fig. 2 shows movement 
on two trials, the first a control (C) in which there is no tilt of the head 


Adams, Autokinetic sensations, Psychol. Monog., 14, 1912, No. 59, 1-45; Rein- 
wald, op. cit% 131-143. Miss Janet Sutton provided valuable assistance in the col- 
lection' of the data to be reported. 
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and the angles of regard are zero, and the second an experimental trial 
on which the head and eyes are tilted (in opposed directions). The upper 
record shows little movement on the control trial followed by marked 
movement downward and to the left when the head is tilted downward 
and to the left (DL). It should be noted that the record is labeled to 
show the relation between tilt of the head and compensatory (physical) 
movements of the light by O. Compensatory movements which correspond 
in direction to the tilt of the head support the hypothesis that autokinetic 
movement will correspond in direction to the tilt of the eyes in the head, 
e.g. with the head tilted DL, the eyes are UR, and when the compensatory 
movement is DL, the autokinetic movement is UR. The upper record thus 
provides support for the hypothesis under scrutiny. The lower record, 
however, does not: On both trials (upper tracing) there is pronounced 
compensatory movement in the downward direction which is understand- 
able since the change in conditions from the first trial to the second was 
not expected to effect the vertical component of movement; but the tilt 
of the head to the left had no great effect either on the horizontal com- 
ponent of movement (lower tracing). 

Each tracing was measured with a compensating polar planimeter which 
provided an index of the direction and extent of its deviation from the 
starting point.’ For each O the measures derived from the three control 
tracings were averaged to provide vertical and horizontal baselines with 
which to compare the movement occurring under experimental conditions. 
The measures for each experimental trial were subtracted from the basal 
Measures; the magnitude of the resulting difference indicated the effective- 
ness of the particular condition of tilt used on that trial, and its sign 
(plus or minus) indicated whether the effect was in the direction predicted 
by the hypothesis or in the opposite direction. The difference-scores of each 
O were summed algebraically to provide a single measure of the effective- 
hess of the experimental conditions for that O. The mean of these measures , 
was significantly positive beyond the 196 level of confidence (t = 3.63 
with 15 df).,The results may therefore be said to confirm the hypothesis 
tested. b 

In general, both logical considerations and the results of preliminary 
tests suggest that the method here described is eminently suitable for 
Systematic, quantitative. work on the problem of autokinetic movement. 


* Manufactured by Keuffel & Esser. 
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THE USE AND CALIBRATION OF THE ‘MAXWELLIAN 
VIEW’ IN VISUAL INSTRUMENTATION 


' The radiant energy reflected by or emitted from a surface diverges in all direc- 
tions.* In order to be effective visually, this energy must pass through the entrance 
pupil of the eye after which, assuming adequate dioptrics, it will be focused on the 
retina, The size of the light pencil emanating from a given object point which 
reaches the corresponding image point on the retina is proportional to the pupil 
diameter. The larger the pupil diameter (or the light pencil) the more energy from 
the object point will be able to reach its corresponding image point and the 'brighter" 
the point will appear. The entrance pupil of the eye can, however, intercept only 
a small fraction of the energy from a diffuse surface, and consequently most of the 
emitted energy does not enter the eye and is therefore not effective visually (Fig. 
1A). 

In order to present an extended test-field of high luminance, the ‘Maxwellian view" 


5 B 
Fic. 1. DIAGRAM ILLUSTRATING THE EFFICENCY OF THE ‘MAXWELLIAN VIEW" 


A, unaided eye, only the light intercepted by the pupil reaches the retina; B, Max- 
wellian view, all the light intercepted by the lens enters the eye. 


is frequently used in visual instrumentation? The principle of the Maxwellian view 
is to focus the image of a light source in the plane of S’s pupil (see Fig. 1B). All 
the light intercepted by the lens enters the eye as contrasted with Fig. 1A where 


1 The author wishes to express his appreciation to Dr. C. S. Bridgman for his 
effective aid in the preparation of this note. 

?Named ip honor of J. Clerk Maxwell who utilized this principle in the con- 
struction of his color-mixing apparatus. (See Maxwell, On the theory of compound 
colors and the relation of the colors of the spectrum, Phil. Trans., 150, 1860, 57.) 
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only the light intercepted by the pupil enters the eye. Subjectively, $ sees the lens 
(called the field lens) filled with light. With the aid of additional lenses the light 
can be rendered parallel hence, neglecting absorption in the lens and surface reflec- 
tions, it can transverse long optical paths without loss. Variations in temporal char- 
acteristics, direction, and energy may be produced by modification of this beam by 
the appropriate shutters, lenses, reflecting surfaces, filters, etc. 

An advantage of the Maxwellian view, in addition to its efficiency in transmitting 
energy from the source to S's eye and the possibilities it offers for manipulation 
and control of the light, is the elimination of fluctuations in natural pupil size as 
an experimental variable provided the image of the source in the plane of the 
pupil is smaller than S's natural pupil. In addition, since light from each point of 
the source passes through all zones of the lens, irregularities in the source will not 
affect the uniform appearance of the field lens? It is not advisable, however, for 
the source to exhibit gross differences in luminances such as would be obtained 
from a coiled tungsten filament unless the image of the filament is so small as not 
to be imaged on the edge of the pupil. If the latter situation exists, movements of 
the eye can result in variations in the total flux reaching the retina as the pupil edge 
moves across areas of non-uniform flux-density. A disadvantage of the Maxwellian 
view is the necessity for placing the eye in such a position that the image of the 
source is centered in the entrance pupil, although this arrangement does permit the 
presentation of peripheral stimuli without decrease in the effective area of the 
entrance pupil.‘ Another disadvantage may arise in experiments on visual acuity 
where the possible additional complication of Abbe diffraction may be introduced 
by the Maxwellian view optics.” 

Since most visual photometers (e.g. the MacBeth illuminometer) are designed 
for the calibration of diffuse surfaces, special precautions must be observed if they 
are to be used in the calibration of Maxwellian view systems. It is necessary, that 
the appearance of the field lens being calibrated is not changed, that the exit pupil 
of the photometer and the image of the source in the Maxwellian system be con- 
centric and ia the same plane so that the position of the eye is the same for calibra- 
tion as in the normal use of the system. The aperture-stop of the photometer must 
also be equal to or smaller than the image of the source in the Maxwellian system 
that the Maxwellian system and the photometer comparison surface be viewed 
through the same diameter entrance pupil. This requirement is necessary to satisfy 
the requirement that specification of luminance be independent of viewing condi- 
tions. It is not always possible to satisfy these conditions as the eyepiece of the. 
apparatus may be so constructed as to prevent the proper positioning of the 
photometer or the aperture-stop of the photometer may be too large. In some cases 
it may be possible temporarily to alter the design of the apparatus oF the photometer 
so as to satisfy these requirements (e.g. by the use of a supplementary lens which 


‘If the image of the source in the plane of the pupil is too small, entoptic 
phenomena will destroy the even uc of the field lens. See A. A. Michelson, 
a the effect of small particles in the vitreous humor, J. Opt. Soc. Amer. 9, 1924, 

“See the apparatus used by R. T. Brooke, Variations of critical fusion frequency 
at various retinal locations, J. Opt. Soc. Amer., 41, 1951, 1010. 2 K, 

E.g. the apparatus designed by S. Shlaer, The relations betwee® visual acuity 
and illumination, J. Gen. Physiol., 21, 1957, 165. 
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forms a conjugate image of the source with unit magnification at some distance away 
from the eyepiece of the apparatus). Alternative procedures for the calibration of 
the Maxwellian view which permit the photometer to be used on diffuse surfaces 
are indicated below. 

A convenient technique for calibration of the Maxwellian view is to cover one 

- half of the field lens with a mirror positioned so as to reflect the image of a 
diffuse surface in the direction of S’s eye. S then sees a bipartite field, one half of 
which is supplied by the Maxwellian view field lens and the other half by the image 
of the diffuse surface seen in the mirror. The two halves of the field lens are 
matched by adjusting the luminance of either component after which a calibration 
value is obtained in the usual manner from the diffuse surface. As in the calibration 
method discussed above, the effective entrance pupil must be the same size for the 
Maxwellian and the diffuse fields." 

In the binocular method S observes the field of the Maxwellian view with one 
eye and a diffuse surface of the same size with the other eye. By adjusting con- 
vergence, the two fields may be made to appear in juxtaposition. After being matched 
for equality, the luminance is determined with a conventional photometer from the 
diffuse surface. It is necessary, of course, that the entrance pupils of the two eyes 
be equal. The facility with which this binocular match can be made is improved by 
providing for a common boundary between the two fields. This can be accomplished 
by presenting both fields in the form of a semi-circle or rectangle. The variability 
of binocular matches is, however, greater than for monocular comparison. 

. A third technique makes use of a photo-electric circuit.’ The sensitive surface of 
the photocell is placed in the plane normally occupied by S’s pupil and the voltage 
generated by the image focused there is recorded. A diffuse surface equal in size 
to the field lens is illuminated and the light reflected into the photocell located at 
a distance equal to that between the eye and the field lens. The area of the photo- 
cell exposed to this light must be equated with the area of the image of the source 
previously focused on the photocell. The illumination on the diffuse surface is 
varied until the flux density of the light reflected on the photocell surface, as indi- 
cated by the voltage generated there is equal to the flux density previously produced 

there by the Maxwellian view system. Under this condition the effective energy 
entering the S's pupil in the Maxwellian system is equal to that which would enter 
the pupil from the diffuse source. The luminance of the diffuse source can then 
be determined in the conventional manner. 

Summary. The principle of Maxwellian view is advantageously used in visual 
experimentation when it is desirable to obtain extended visual stimuli of. high 
luminance. Precautions in the use of this system as well as some advantages and 
disadvantages are discussed. Calibration of the system involves. special problems 
when using conventional photometers. Alternative methods for calibration which 
make use of monocular comparison, binocular comparison, and a photoelectric circuit 
are described. 

University of Wisconsin HERSCHEL LEIBOWITZ 


ê The author is indebted to Dr. Yun Hsia for the details of this technique. 
7 Described by K. J. W. Craik, The effect of adaptation on differential brightness 
discrimination, J. Physiol., 922 1938, 406. 
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NOTES AND DISCUSSIONS 


AN OPTICAL ILLUSION OF SPONTANEOUS 
FLUCTUATIONS IN APPARENT SIZE 


The illusion reported here was first observed by the author in an ex- 
perimental apparatus. His head was held steady by a chin rest and forehead 
pads and a white field was observed monocularly through an aperture. 
The aperture, a round hole (1⁄4 in. in diameter) in a piece of sheet metal, 
was placed 5 in. from his eye and the observational field, 27 in. beyond 
the aperture. A fixation-point in the observational field was being regarded 
steadily through the center of the aperture when the illusion was first 
noted, The illusion consisted of small apparent expansions and contrac- 
tions of the aperture, which seemed randomly distributed with respect 
to time, At least 10 Os have seen the illusion since and only one has been 
found who has not seen the illusion clearly. 

This illusion may be explained in terms of fluctuations in pupillary 
diameter, It is well known that even under conditions of steady stimulation 
there are small fluctuations in pupillary diameter.” These arise from the 
antagonistic action of the sphincter pupillae and the dilator pupillae, 
which control the diameter of the pupil. Furthermore, when the eye regards 
a field through an aperture, the size of the field which can be seen is 
determined “partly by the size of the pupil. This is illustrated in Fig. 1. 
If the minor effect of refraction at the cornea is disregarded, then the 
limiting point on the right side of f, the field which can be seen, is 
determined by a straight line drawn from the left side of the pupil, f; 
past the right side of the aperture, 4. The reason the limiting point is 
determined in this way is that light from any point farther to the rights 
Misses the pupil entirely. Of course the left limit of the field seen is 
determined in a corresponding manner. It is obvious from Fig. 1 that if 
a, x, and y are held constant, any change in pupillary diameter will change 
the size of the field seen. Thus it may be expected that under the condi- 
tions described there should be spontaneous fluctuations in the size of the 
field seen, and hence in the visual angle subtended by that field. It may 
be noted from Fig. 1 that f and a have identical projections on the retina, 
so the visual angle subtended by the aperture is identical with: the visual 


* F. H. Adler, Physiology of the Eye; Clinical Application, 1950, 148. 
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angle subtended by the field seen, Thus there are also spontaneous fluctu- 
ations in the visual angle subtended by the aperture. Since the observer 
is entirely unaware of the fluctuations in pupillary diameter, which cause 
the fluctuations in visual angle of the aperture, this is theoretically a perfect 
reduction situation, Hence apparent size of the aperture should follow 


Metal Plate Observation Field 


Fixation Point 


Fic, 1. VIEW FROM ABOVE OF OPTICAL SYSTEM IN WHICH THE ILLUSION 
Was First OBSERVED 


perfectly the change in visual angle subtended by the aperture, and there 
should be spontaneous fluctuations in apparent size of the aperture. 

There are several points in this theoretical explanation of the illusion 
which may require clarification. The visual angle subtended by an object 
is ordinarily determined by the physical size of the object and’ its distance 
from the nodal point of the eye. In observing this illusion both the physical 
size of the aperture and its distance from the eye are fixed, so if the visual 
angle of the aperture were determined in the usual way this angle could 
not vary. The usual method of measuring visual angles, however, applies 
»ptimarily to those cases where light from each point on the object fills 
the pupil, and where the eye is accommodated for the object. In the 
present case all light through the aperture comes from the observational 
field, which is considerably more distant than the aperture. Moreover, the 
light which passes from each point on the limit of the field seen, past the 
edge of the aperture, is a marginal ray; in other words, these rays do not 
pass through the nodal point of the eye. Since the eye is accommodated 
for the observational field, the point where each of these marginal rays 
stimulates the retina is determined by a straight line drawn from the origin 
of the ray, ^t the limit of the field seen, through the nodal point of the 
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eye to the retina. This is illustrated by Fig. 2. Thus the visual angles 
subtended on the retina by both the field seen, and the aperture, are given 
by angle b in Fig. 2. Since these angles are identical, any change in size 
of the field seen will cause identical variation in the visual angles subtended 
by both the field seen and the aperture. 

One may wonder why the changes in apparent size should be referred 
to the aperture, rather than to the field itself. There seem to be at least 
two reasons for this. First, the aperture is seen as in front of the observa- 


Observation Field 


Fixation Point 


Fic. 2. DrAwinc SHOWING METHOD FOR DETERMINING THE VISUAL ANGLE, b, 
SUBTENDED BY BOTH THE FIELD SEEN, f, AND THE APERTURE, 4 


tional field and as limiting the amount of the field seen. Under these 
conditions the only way O knows for the visual angles of aperture and 
field to vary concomitantly is by way of changes in size of the aperture. 
Secondly, change in visual angle of the field is accompanied by seeing 
a greater or lesser amount of the field. There are no changes in visual 
angle of a given object or distance in the field, and hence no changes in 
apparent size of the field itself. 

One may also wonder why the illusion reported here is not commonly 
Observed. The reason is that good conditions for observing the illusion 
are seldom encountered. Both the head and the instrument should be 
held so steadily that relative movement between head and instrument does 
not make the changes in apparent size of the aperture difficult to observe. 
The aperture should subtend a visual angle so small that thè changes in 
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apparent size can be seen easily, and it should be far enough from the 
eye that it does not act merely as an artificial pupil. O's eye must be 
accommodated for the observational field rather than for the aperture 
itself. If the eye is accommodated for the aperture, then an increase in 
pupillary diameter increases the amount of light passing the edge of the 
aperture which enters the eye, but all of this additional light comes to a 
focus at the same point on the retina. Thus there is an increased brightness 
at the edge of the aperture but no change in visual angle subtended by 
the aperture, The distance, x, is also important for observing the illusion. 
It will be noted in Fig. 1 that a small change in pupillary diameter pro- 
duces a much larger change in the size of the field seen. The linear 
magnification obtained by the system is determined by x/y, and of course 
this magnification makes the illusion easier to observe. 

It should be pointed out that the general type of illusion described here 
is a spontaneous fluctuation in apparent size. It is not restricted to the 
use of a visual aperture, providing that the general requirements for ob- 
serving the illusion are satisfied. Another method of producing it is to 
remove the aperture and substitute a narrow metal bar in the plane of the 
aperture. This bar should be just wide enough to occlude completely a 
narrow strip of the field of vision. It should be aligned along a radius 
of the visual field, and the end of the bar should be near the fixation- 
point. The illusion in this case consists of very clear fluctuations in ap- 
parent width of the bar. This method of observing the illusion is even 
better, for two reasons, than the use of an aperture: (1) the bar can be 
brought closer to the fovea than the edges of the aperture; and (2) the 
visual angle of the bar can be made much smaller than the visual angle 
of the aperture, but for a given change in pupillary diameter the change 
in visual angle of the image is approximately the same for both bar and 
aperture. This means that the changes in visual angle of the image, due 
to changes in pupillary diameter, are more striking in the case of the bar. 
tt should be noted that the relation between pupillary diameter and ap- 
parent size is opposite with the bar from what it is with the aperture. 
An increase in pupillary diameter increases the apparent size of the aper- 
ture, but decreases the apparent size of the bar. The reason for the relation 
between pupillary diameter and apparent size of the bar is shown in Fig. 
3, in which f is the part of the observation field which cannot be seen. 

The above considerations seemed to give a complete theoretical account of 
the illusion, and the interpretation was easy to test. First, observations were 
made to see jf changes in pupillary diameter have the effect on apparent size 
of theaperture which is required by the interpretation. To do this with maxi- 
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mal clarity, the consensual light reflex was used. This is the reflex whereby a 
stimulus to one eye produces pupillary contraction in the other eye, and 
contrawise, its removal produces dilation in the other eye. Use of this 
reflex has the advantage that one eye can be stimulated, while the other 
eye is observing continuously to watch the rapid changes in pupillary 
diameter which occur. It also has the advantage that dilation, as well as 
contraction, can be observed. The results of these observations were quite 
striking. When the light was turned on the apparent size of the aperture 
quickly decreased, and when the light was turned off the apparent size 
of the aperture increased. Apparent expansion of the aperture occurred 
more slowly than apparent contraction, corresponding to the slower speed 
of pupillary dilation.? When the pupil undergoes a large change in diame- 
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Fic. 3. ViEW FROM ABOVE OF OPTICAL SYSTEM FOR OBSERVING THE ILLUSION 
WITH A VERTICAL METAL BAR 


ter, it does so by successive steps.? Pupillary contraction is so rapid that it 
proved difficult for the Os to see these steps during contraction. During 
dilation, however, from three to five steps of increase in apparent size of 
the aperture were seen clearly. All of these observations were made by a 
number of Os with complete consistency of results. 

These observations made it clear that changes in pupillary diameter 
have the effect on apparent size of the aperture which is required by the 
foregoing interpretation. Thus any change in pupillary diameter will give 
the illusion of a change in apparent size of the aperture. The question re- 
mained whether the spontaneous fluctuations in apparent size of the aper- 
ture ate in fact caused entirely by spontaneous fluctuations in pupillary 
diameter. This question was answered by making observations with and 
without an artificial pupil. The artificial pupil was 2 mm. in diameter, 
and hence was smaller than the natural pupil under the conditions of 
Observation. Thus with the artificial pupil any effects of spontaneous 

Fi a 
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538 NOTES AND DISCUSSIONS 


fluctuations in pupillary diameter were removed. A number of Os were 
used who saw the spontaneous fluctuations in apparent size of the aperture 
quite clearly without the artificial pupil. All of them reported that the 
spontaneous fluctuations disappeared entirely when the artificial pupil was 
used. Of course an artificial pupil not only fixes the size of the pupil; it also 
makes the field seen smaller and darker. The two latter conditions were 
produced independently by reducing the size of the aperture and reducing 
the illumination on the observational field, but under these conditions the 
spontaneous fluctuations in apparent size of the aperture were not reduced. 
Thus the artificial pupil must have removed all spontaneous fluctuations in 
apparent size of the aperture because it removed the effects of spontaneous 
fluctuations in pupillary diameter. 

All of these observations to test the theoretical interpretation of the 
illusion were repeated using a bar instead of an aperture, and the theoretical 
interpretation was also supported by the observations with the bar. Hence 
the illusion of spontaneous fluctuations in apparent size, as reported here, 
may be attributed entirely to spontaneous fluctuations in pupillary diameter. 

Aero Medical Laboratory KENNETH T. BROWN 

Wright Air Development Center, Ohio 


AUDITORY FATIGUE BEYOND AND WITHIN 
THE COMPASS OF THE VOICE 


When auditory fatigue is produced with a stimulus-frequency that lies 
considerably beyond the compass of the voice, it appears that the maximal 
effect is noticeably shifted from the stimulus-frequency upwards. Some 
time ago Dr. Onchi sent me a brief report of experiments he had made 
in which he exposed persons of normal hearing to continuous stimula- 
tion by a pure tone of 1 dyne/cm? sound-pressure for 5 min. and quickly 
thereafter measured their auditory fatigue in terms of a rise in threshold.t 
"He asked for a theoretical explanation of the shift observed. The explana- 
tion given below is mine, but the experimental data are his. 

To simplify the theoretical argument, I use only two stimulation- 
frequencies. They are illustrated by the broken curves shown in Figs. 1 
and 2. These figures show in decibels the amount of intensification neces- 
sary to overcome the fatigue. Seemingly auditory fatigue beyond the com- 
pass of voice-frequencies is not simply electro-chemical or neural fatigue 
but a compound of that and a mechanical hindrance which I think is 
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* Dr, Yutaka Onchi, 1936 Takadacho, Kohoku-ku, Yokohoma, Japan. 
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produced by bruising tissues and thus for 20 min. (or more) reducing 
their flexibility. 

Ihave for a long time nursed the conviction that the really ‘regular’ 
functioning of the human cochlea is confined within frequencies barely 
surpassing the compass of tone production by human larynxes, which 
means from about 90 to about 1000~. From the viewpoint of a biologist 
it is plausible that there should be a relation between a certain limitation 
of functioning of the cochlea and the limited functioning of the motor 
organ doing the signaling to reach the ear of other individuals of the 
species. Guided by this belief in an evolutionary relation, I chose for 
discussion the frequency 600~, lying within the human voice, and another 
frequency, 4000~, lying quite outside the compass of the human voice. 

Fig. 1 illustrates the experiment with the frequency of 600~. The 
fatigue is shown in the drawing as if it were something positive, amount- 
ing to 10 db. for the testing frequency 600~ and falling off at the sides 
of 600 in the manner of a probability curve, extending over no more 
than +150~. 


100 300 500 100 900 


Fic, 1. Auprrory FATIGUE WITH THE STIMULATING FREQUENCY WITHIN THE 
CoMPAss OF THE HUMAN VoicE 


I now ask the questions: Where can that fatigue be located physio- 
logically? Of what nature is it? I find it most plausible to compare it 
with the fatigue occurring in a cone of the retina, Nothing is easier than, 
to demonstrate that a place on the retina, after lengthy exposure to green 
light, becomes less sensitive to this and neighboring wave-frequencies, 
but still responds with undiminished intensity to blue light and to yellow 
light. Led by this analogy, I regard it as most probable that this auditory 
fatigue (i.e. threshold-rise but not other loudness) is of an electro-chemical 
nature and located in the haircells of the phragma and possibly also in 
the affected fibers of the auditory nerve. This then does not immediately 
propose any additional problem. e i 

The experimentally measured auditory fatigue caused by® frequencies 
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definitely outside of the range of the human voice gives us in Fig. 2a 

` picture of a problem. If the measured fatigue for the frequency 600~ 
would again be found for the frequency 4000~, there would be no 
shifting of the maximum from 4000~, where the stimulation occurred, 
to a point approaching 4500~. (The change from 10 db. to 40 db. is a 
minor matter which might be left out of the discussion.) A similar 
Shift to the right was observed by the experimenter in other cases lying 
above a stimulation frequency of 1000—. 

In explaining the difference between the results shown in the broken 
curves of Figs. 1 and 2, I assume that the cochlea is a hydraulic system 
activated by a kind of hydraulic ram which is represented by the liquid 
in the vestibulum (not in the cochlea). The vestibular liquid, in con- 
sequence of its inertia, swings toward and away from the beginning of 
the cochlea, where the round window is located, whenever the skull is 
shaken. If the round window did not exist, no such swinging of the 
vestibular liquid could occur no matter how strongly the skull were 
shaken. If the liquid is to swing and find an outlet (or inlet) at the 
round window, a certain length of the phragma must be jerked up, or 
down as the case may be? The swinging of the oval window in the 
vestibulum (not in the cochlea as often misdrawn) is also necessary. The 
oval window not infrequently becomes ossified, Contemporary otological 
Surgeons then cure the patient's deafness by creating an artificial substitute 
window in the vestibulum through the operation called fenestration. 

I proceed on the basis of the following hypotheses: (1) that the 
phragma while jerked up-down within the compass of the human voice 
is not easily bruised; after 5 min. its flexibility remains normal; but with 
frequencies beyond the human voice it is apt to become bruised and 
swollen and, like a region of inflamed human skin, to lose to a degree its 
flexibility and (2) small up-down jerks of a part of the phragma may leave 
the sensitive cells within it uncharged hence intense jerks are required 
to charge the cells. 

We first apply Hypothesis 1. While the hydraulic ram of the vestibular 
liquid between the oval window and the cochlea entrance swings incessantly 
for 5 min. in so high a frequency as 4000~, a piece of the phragma be- 
comes bruised. What piece and where? The case is similar to the damage 
done near the ‘eye’ of a hurricane, The cochlea entrance is the ‘eye.’ The 
nearer the ‘eye,’ the greater the damage. In a hurricane the damage depends 
also on the wind velocity near the 'eye This is analogous to the high 


*Cf..M. F. Meyer, How We Hear, 1948, 16. 
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cy (now 4000~) of jerking the phragma, We answer the question | 
' by saying the bruised piece is near the cochlea entrance, near the 
ad window. 

We now consider Hypothesis 2. When the ‘fatigue-test’ is used, we 
d that the sensitive cells near the round window are unchargeable be- 

se of the phragma’s reduced flexibility. When, however, the amplitude 
testing tone is increased until it reaches a region of the phragma 
ich has lost little of its flexibility, its sensitive cells are charged.* Thus 
db. grow to 40; but what about the sh#ft, which is our real problem? 

! magnitude of bruising the tissues and reducing their flexibility as 


strated in Fig. 2 by the steadily rising curve beyond the voice-compass. 
€ figure tells that very little damage is done by frequencies below 


2000 3000 4000. 5000 6000 


G. 2. FLEXIBILITY-REDUCTION OF THE PHRAGMA BY FREQUENCIES ABOVE 1000~ 
long solid curve is the hypothetical flexibility-reduction by various frequencies 
tying from 1000 to 6000~. The solid symmetrical curve is the hypothetical 
fect of electro-chemical fatigue. The broken curve is the effect, experimentally 
determined, of test-stimuli beyond the compass of the human voice. 


00~. More damage is done by the frequencies around 2000~, still 
e damage by 3000~, by 4000~, and so on. We recall that wind 
locities (without reference to the ‘eye’) vary in different hurricanes and 
le damage varies. 

_Now the experimenter tests the auditory fatigue for 4000~ (or rather 
t naively might be called fatigue) by applying sufficiently high- 
ered stimuli from 3000 to 5000~. He expects a symmetrical rise of. 
fatigue’ to a maximum at 4000~ and a fall beyond that point. But there 
‘fo symmetry, and the maximum is not at 4000~ but shifted toward the 
ight! 

After all that we have said about the voice compass, the shift toward 
right in Fig, 2 appears natural. Any bruised region is the less flexible 
Breater the frequency which tries to flex it in the test. Try it on a 
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piece of rubber plate, say, a piece of tire tube. You can flex it easily once 
or twice per second, but with increasing difficulty five or ten times per 
second. So, when the tester flexes the bruised phragma region only 3000 
times per second, he finds a flexible-enough region not too far from the 
entrance to the cochlea and obtains a ‘hearing’ response. But (as the rising 
curve indicates) when he tries 4000 or 5000 flexes per-second, he has to 
increase the amplitude of the test tone to reach a phragma region where 
through better preserved flexibility (farther from the ‘eye’) displacement- 
‘jerks’ can be produced sufficiently strong to charge the sensitive cells (the 
electro-chemical fatigue not being considered at this moment of the dis- 
cussion). 

The total effect then is a compound of the symmetrical curve of the true 
(ż.e. electro-chemical) auditory fatigue and the unsymmetrical curve of the 
mechanical hindrance resulting from the inflammation of the phragma 
with its reduction of flexibility. The broken curve describes the compound 
with its inevitable shifting of the maximum toward the right. 

That these two causes of the apparent fatigue must be distinguished, 
is verified by the further observation of the experimenter that the fatigue 
which he measured within the compass of the human voice disappeared 
in 5 min.; but the fatigue measured beyond that compass took 20 min. to 
disappear. The bruising of the phragma, I should say, is not relieved as 
quickly as the electro-chemical loss of sensitivity. 


The above discussion might also be applied to a critique of a historical 
matter. During the last fifty years several authors reported that they had 
used incessant stimulation with high frequencies (2000~ or more) for 
hours and even days on animals, and that post mortem examination 
yielded the following tissue destruction in the phragma: (1) the greatest 
destruction was found near the cochlea entrance (the hurricane’s eye, in my 
analogy) rather than farther away; (2) the greatest destruction was found 
for stimulation with higher rather than lower tone frequencies (greater 
wind velocities of the hurricane). 

From combining these two premises they drew the conclusion that 
Nature had tuned the phragma like a series of piano strings, and that the 
destruction was due to excessive resonance. (For undisclosed reasons the 
hydraulic conception of cochlear mechanics was repugnant to them and, 
though offered to them, was left completely out of consideration. ) 

It does not seem to me that their conclusion was either compelling or 
anatomically plausible. They never tried the crucial experiment of using 
very low frequencies (say, between 100 and 150~) for experimentation 
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with the expectation of finding tissue damage exclusively near the apex 


where they imagined tuning for the lowest frequencies. 
Miami, Florida Max F. MEYER 


CONSTANT ERRORS IN THE MEASUREMENT OF 
FIGURAL AFTER-EFFECTS 


Within several months last year, two papers on bilateral constant error 
in size judgment were published. Brown measured differences in the ap- 
parent length of lines of physically equal size, when exposed in two 
different halves of the visual field* He called such a difference a half- 
meridional difference (HMD). McPherson and Renfrew found that when 
physically equal-sized small metal circles are felt simultaneously by the two 
hands of a blindfolded S, the object held in the preferred hand is usually 
judged smaller? Following a suggestion of Brown's, one could call such 
a difference a bilateral kinesthetic difference (BKD). 

The results obtained by McPherson and Renfrew are clearly relevant to 
studies of the kinesthetic figural after-effect, in the same way as Brown's 
are important for the methodology of studies of the visual figural after- 
effect. Just as the figural after-effect and the HMD in vision are method- 
ologically quite easy to distinguish, as Brown has pointed out, so the 
kinesthetic figural after-effect and the BKD are operationally quite distin- 
guishable, 5 need only make a judgment of subjective equality of size 
before the  inspection-pattern is presented. Any divergence between the 
PSE thus obtained and true physical equality will be a measure of the 
BKD. Then the inspection-pattern is presented, and $ is again asked to 
find the width on the right-hand bar which feels just as wide as the one 
in his left hand. The difference between this latter match and the pre- 
inspection match will be a measure of the size of the figural after-effect. 
Thus, in using Kóhler and Dinnerstein's technique for measurement of 
the kinesthetic figural after-effect,s it is not unlikely, as Kohler and 
Dinnerstein point out? that BKDs may affect the measurement (even 


1K. T. Brown, Factors affecting differences in apparent size between opposite 
halves of a visual meridian, J. Opt. Soc. Amer., 43, 1955, 464-472. : th 
_ A. McPherson and S. Renfrew, Asymmetry of perception Dae UT i 
tight and left hands in normal subjects, Quart. J. Exper. Psychol 5, 1955, 66°78. 
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though, in some preliminary work, they did not find any very strong 
BKDs). If Köhler and Dinnerstein's inspection-pattern is used on right- 
handed Ss in such a way as to make the right kinesthetic extent subjectively 
narrower than the left one, the total size of the discrepancy from physical 
equality will presumably, on the average, be larger, since the figural after- 
effect will summate with the BKD and both go in the same direction. 

Data on kinesthetic figural after-effects including control judgments have 
been obtained in connection with another study." In addition to measuring 
the figural after-effect with the suggested control, these data also provide 
a check of McPherson and Renfrew’s findings, which seems pertinent since, 
in their discussion, they write:* 

The comparison of our results with those of previous investigators is not easy, 
for the methods employed are not strictly comparable. Bloch's method of testing 


perception of size by holding the pages of a book between thumb and forefinger is 
indeed the only one in which a comparison is reasonable. We have not been able 


to trace his original paper, and Sherrington’s statement that Bloch found 
distance is underestimated with the left hand in right-handed people, but by the 
right hand in left-handed people,” is so much at variance with our results that 
the suspicion of a misquotation is raised in our minds." 


In the course of the preliminary experiments with figural after-effects 
mentioned above, it was noticed that there seemed to be some constant 
errors in pre-inspection judgments, and consequently control measurements 
preceding the inspection-period were inserted as a regular part of the 
methodology for studying kinesthetic figural after-effects.1° The procedure 
was to request four average-error equality judgments of the test-pattern, 
as the first step in measuring the size of the figural after-effect. An estimate 
of handedness was available on the Ss studied, since in other parts of the 
procedure they were required to write with a pencil. Since the BKD is 
related to handedness, according to McPherson and Renfrew, one should 
be able to predict the direction of the constant errors occurring in the 
control measurements made on the kinesthetic apparatus. 


? 1 Michael Wertheimer and Nancy Wertheimer, A metabolic interpretation of indi- 
vidual differences in figural after-effects, Psychol, Rev., 61, 1954, 279-280; Michael 
Wertheimer, Figural after-effects in schizophrenic and normal subjects, Amer. 
Psychol., 9, 1954, 492 (abstract); The differential satiability of schizophrenic 
and normal subjects: A test of a deduction from the theory of figural after-effects, 
J. Gen. Psychol. (in press); Figural after-effect as a measure of metabolic efficiency, 
Quart. J. Exper. Psychol. (in press). 

* McPherson and Renfrew, 73. 

* Bloch, quoted by McPherson and Renfrew from Sherrington in Schafer's Text- 
book of Physiology, 2, 1900, 1018; original not seen. 

?'In this connection see G. S. Klein and David Krech, Cortical conductivity in 
the brain-injured, J. Personal, 21, 1952, 118-148. These authors also used a set 
of pre-inspection control measures in determining the size of kinesthetic figural 
after-effects; Brown, too, as have other recent investigators, has worked with such 
controls. 
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The apparatus was copied from that of Kóhler and Dinnerstein. S, blindfolded, 
was placed between two sawhorses, 24 in. apart, on which were placed, at a com- 
fortable height, four wooden bars; there were two such bars end to end on each 


| horse. The left horse held a near bar 15 in. wide (inspection-pattern) and a far 


one 115 in. wide (test-pattern), The right horse held a near bar 21 in. wide 
(inspection-pattern) and a far one, which was 1 in. wide at the near end and in- 
creased in width by a total of 30 steps, each representing a discrete increase of 
Yg in, to 27/ in. wide at the far end (test-pattern). All bars were 60 in. long and 
2 in. high. 

Standing between the far (test) bars, S was requested to "find the place on the 
right-hand bar which feels just as wide as the bar in your left hand seems to feel," 
using just the top edges of the bars and the tips of his fingers (thumb on one side, 
fingers on the other). After such a judgment $ was moved back several feet, turned 
around, and then brought back approximately to the same position at which he had 
stood before, facing the same way. Then he was asked to make a second match. 
After a total of four such judgments, $ was led back between the inspection-bars, 
and requested to rub back and forth on them, with "long, sweeping movements," 
for 20 sec. Then he was again led between the test-bars, and another judgment of 
equality was requested. There immediately followed another 20-sec. inspection- 
period, another test, and so on, until a total of four post-inspection judgments had 
been obtained. Throughout, S was asked to make his postinspection judgments as 
rapidly as possible, and no $ took more than 15 sec. nor less than 5 sec. in coming 
to a decision. Available for each S, then, were a mean of four control judgments 
and a mean of four experimental judgments, as well as the true physical equality 
point on the right-hand test-bar. > 

A total of 60 Ss was used: 33 men—29 right-handed and 4 left-handed; and 27 
women—22 right-handed and 5 left-handed. About half were University students 
and their wives, and half hospital staff members. 

The steps on the right-hand test-bar were numbered from 1 to 30, with step 
9 physically the same width as the left-hand test-bar. 

For the right-handed Ss, the average control choice was 11.18, with a 
standard error of 0.29. The difference between this value and physical 
equality (9.00) is significant, by /-test, at far better than the 0.001-level, 
clearly corroborating McPherson and Renfrew's finding. Curiously, the 
right-handed women tended to underestimate the right-hand width morg 
than did the right-handed men. The control values were 12.49 and 10.34 
for the women and men, respectively, a difference significant at better than 
the 0,01-level. N for left-handed Ss was too small to provide adequate 
data to test the effect; their mean choice was 10.42, with a standard error 
of 1.26. This is apparently in the wrong direction, and, though not sig- 
nificantly different from 9.00, nor from 11.18, is significantly different 
from 6.92 at the 0.05-level. The predicted match would be 6.92, using 
2.18 as the size of the BKD as obtained from the right-handed Ss—if one 
assumes that left-handed Ss are just as left-handed as right-lmnded Ss are 
right-handed. The present result, although based on a very small N, 
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suggests that handedness is less pronounced in left-handed Ss than in 
right-handed Ss. In this connection, it should be noted that in the results 
of McPherson and Renfrew, the mean BKD of left-handed Ss was about 
half as large as the mean of right-handed Ss. 

As for the kinesthetic figural after-effect, the average post-inspection 
match for all 60 Ss was 15.13, with a standard error of 0.38. The difference 
(4.01) between this value and the control value (11.12) was significant 
at far better than the 0.001-level; this result shows that over and above 
a significant BKD there also was a significant figural after-effect. The 51 
right-handed Ss did not differ significantly from the 9 left-handed Ss in 
size of figural after-effect, with averages of 4.17 and 3.86 respectively. On 
the other hand, women averaged 3.08 and men 4.78, a difference significant 
at the 0.01-level. The women thus made higher control matches, and 
produced smaller increases over the control following inspection, than 
did the men; this suggests the possibility of a negative relation between 
BKD and figural after-effect. A test of this suggestion is provided by a 
correlation of control and post-inspection matches; but this correlation 
(—0.19, Pearson product-moment) was not significantly different from 
zero at even the 0.10-level, and hence cannot account for the observed sex 
difference. 

In conclusion, the present results confirm McPherson and Renfrew's 
findings, at least with regard to right-handed Ss; they also, however, 
separately show the kinesthetic figural after-effect. If the control measure- 
ments had not been made, the kinesthetic figural after-effect would have 
erroneously been considered an average distortion of about 27%; with 
the control measurements, the distortion, though still highly significant, 
becomes only about 13%. It therefore seems clear that appropriate control 
measurements of bilateral inhomogeneities in judged size should be made 
in future studies of kinesthetic figural after-effects, just as Brown has 
Shown that such controls are necessary in measuring visual figural after-, 
effects. 

Wesleyan University MICHAEL WERTHEIMER 


SOME REMARKS CONCERNING THE USE OF THE METHOD 
OF ADJUSTMENT WITH IMPLICIT STANDARDS 


In the classical and most familiar application of the method of adjust- 
ment, the observer causes some stimulus to vary until it is perceived as 
being equal to some standard or fixed stimulus. The standard stimulus has 
the following characteristics: (1) It is physically constant; (2) It is de- 
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scribed in identical terms as the variable, that is, it is in the same dimension 

"of experience as the variable; (3) It is measurable independently of the 
measures taken on the variable. This physically defined, objective standard 
we shall call the explicit standard. 

The paradigm of the method of adjustment may be used under condi- 
tions where the standard does not have these characteristics, that is, where 
(1) the standard is assumed, but not known, to be constant; (2) it is not 

typically measurable independently of the measures taken on the variable ; 

/ (3) it is typically a non-tangible construct in a different dimension of ex- 
perience than the variable. This kind of standard we shall call an implicit 

© standard. It is the purpose of this paper to point out some ways in which 

| ambiguities may arise from the use of the method of adjustment to an 
implicit standard, and to suggest a methodology which greatly reduces 

these ambiguities. 

| When a variable stimulus is adjusted to an explicit standard, as in the 
Galton bar experiment, certain measures may be taken which are: (1) the 
mean of the adjustments; (2) the difference between the mean of the 
adjustments and the standard (the so-called constant error) and (3) an 
index of the dispersion of adjustments around the mean adjustment. 

In many applications of the method of adjustment to explicit standards, 
the constant and variable errors are themselves of prime interest. This 
application is usually in situations where questions of accuracy or precision 
of adjustment are studied. In many contemporaty experiments, however, 

‘the constant errors of adjustment are employed as an index of the effect of 
some independent variable. In this case one is interested in the changes 
in the magnitude of the constant error of adjustment as a function of the 
patticular experimental conditions that are imposed on the adjustment 
Operation. 

Suppose the constant error of adjustment is measured under two condi- 
ations, A and B. We could compare the difference between the constant, 

1 errors under each condition by comparing the mean adjustments for each 

| condition, In fact, this is the usual way the comparison is made. It is 

obvious that: mean adjustment (A) — mean adjustment (B) = constant 

error (A) — constant error (B) because constant error = mean adjust- 
ment — standard. 

Thus, when comparing the differences between two constant errors the 

value of the standard need not be measured so long as it is certain that it 

A, hasa fixed value. Only the mean adjustment under each condition need 

be obtained. This seemingly trivial fact assumes considerable importance 
when the method of adjustment to an implicit standard is analyzed. 
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A particularly neat example of the method of adjustment to an implicit 
standard is shown in the following study by Werner and Solomon.’ In 
this experiment, $ projected a negative after-image on a neutral disk. 
Concentric with this disk was a ring which could be varied in brightness. 
S's task was to tell E how to vary the brightness of the ring until it ap- 
peared to be as bright as the brightness of the projected after-image. A 
schema of the results is as follows: 


Experimental condition Mean adjustment Constant error 
A 171.5 ` ? 
B 122.5 ? 


Since there is no measure of the standard independent of the measures 
on the variable, there can be no measure of the constant error of adjust- 
ment. The difference between the constant errors can be found, however, 
by subtracting one mean adjustment from the other, as was explained pre- 
viously. If this procedure is followed, it must be assumed that the value 
of the implicit standard remains a constant, that is, that the value of the 
implicit standard does not change as a function of the experimental condi- 
tions, Werner and Solomon, however, make just the opposite assumption, 
that is, that the implicit standard (the brightness of the after-image) varies 
as a function of the experimental conditions. In this case the authors must 
assume that the constant error of adjustment is fixed, that is, that it does 
not vary as a function of the experimental conditions. 

Clearly there is an ambiguity here. On the one hand, the difference 
between the mean adjustments could be ‘explained’ by stating that the 
brightness of the after-image did not change, but rather, that the accuracy 
of the adjustment of the ring to the brightness of the after-image was dif- 
ferent under the two conditions. On the other hand, one could argue that 
the brightness of the after-image was different under the two conditions 
and this was reflected in the different mean adjustments. 

Given a significant difference between the mean adjustments, the differ- 
ent inferences from the data are as follows: (1) The implicit standard is a 
constant, and the constant error of adjustment is varying as a function of 


the experimental conditions. (2) The constant error of adjustment is a 


constant, and the value of the implicit standard is varying as a function 
of the experimental conditions. (3) Both the implicit standard and the 
constant error of adjustment are varying as a function of the experimental 
conditions. y 


1 Paul Solomon and Heinz Werner, Studies in contour: III. Negative after-images, 
this JOURNAL, 65, 1952, 67-74. 
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If the only measure taken is the mean adjustment, then the choice of 
interpretations must be made on the basis of theoretical plausibility and 
information obtained from other experiments rather than on the basis 
of characteristics in the data. Fortunately, with a slight modification of the 
methodology, the choice of alternatives may be so made, on a more rigor- 
ous basis, that the situation is much less equivocal. 

Whenever it is desired to test the effect of different experimental condi- 
tions on the matching of an objective variable stimulus to an implicit 
standard, the measure taken should be the interval of equal judgments; 
thus the transitions ‘greater than’ to ‘equal’ and ‘less than’ to ‘equal’ are 
measured in each trial. This measure is completely analogous to the meas- 
ure of the difference limen obtained by the method of limits. A comparison 
of the differences between these DLs will indicate whether the implicit 
standard is varying, whether the constant errors of adjustment are varying, 
or whether both are varying. 

When using this measure it must be assumed that the best estimate of 
the implicit standard is the middle value of the range of equality, cer- 
tainly a reasonable assumption. 

If the range of equality is different in magnitude for each condition 
while the middle value of this range does not change, then one may infer 
that the implicit standard is not varying as à function of the experimental 
conditions but rather that the constant errors of adjustment are varying as 
a function of the experimental conditions. 

If the magnitude of the range of equality is the same for each experi- 
mental condition, while the whole range has so shifted that the middle 
value of the range of equality is different for each condition, one may 
infer that the implicit standard is varying as a function of the conditions. 

If both the magnitude of the range of equality and the middle value of 
the range of equality change as a function of the experimental conditions 
then it may be inferred that both the implicit standard and the constant 
errors of adjustment are varying as à function of the conditions. 

This methodological procedure is especially useful when the effect of 
different starting values of the variable on the adjustment to an implicit 
standard is studied. 

In the studies of egocentric space localization implicit standards are of 
Breat methodological importance. Some of these implicit standards are: (1) 
subjective vertical; (2) subjective median plane; (3) subjective horizon; 
(4) subjective body length. It is possible to find the range of equality 
for all of these standards, that is, all those valfies of the variable which are 
perceived as equal to the implicit standard. 3 
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In passing, it is worthwhile to note that here we are not interested 
primarily in the relation of the mean adjustments to some conventionally 
defined, objective standard. Since these conventional criteria seldom coin- 
cide consistently with the implicit standard (in the dark room, the plumb 
line vertical is not always perceived as being vertical) any question of 
precision or accuracy with regard to the conventional standard is com- 
pletely trivial, if this is the only question posed. The more important ques- 
tion concerns the relation between the mean adjustments and the value of the 
implicit standard. 

In conclusion, when the effect of different experimental conditions on 
the adjustment to an implicit standard is studied a range of equality 
(analogous to a DL by the method of limits) should be taken in each 
trial because (1) it gives the best estimate of the value of the implicit 
standard, and (2) it renders the interpretation less equivocal. 

Clark University THOMAS B. MULHOLLAND 


ANOTHER PUZZLE-PICTURE 
The accompanying figure is one to be added to the psychologist's library 


P bale 


a fa 1 


Fic. 1. FIND THE HIDDEN MAN 


of puzzle-pictures.t The principle of concealment used in it is, as we be- 
lieve, the same as in the hidden-cow picture described by Dallenbach.* 


1 My thanks are due Mrs. Dotothy Archbold for this picture. 4 
*K. M. Dallenbach, A puzzle-picture with a new principle of concealment, this 
JOURNAL, 64, 1951, 431-433; More about the ‘cow’ puzzle-picture, ibid., 65, 304-306. 
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Like the picture of the cow, this one makes no sense until it is organized 
as a full-face and shoulders, but this time of a human being. The upper 
margin of the picture cuts the brow, thus the top of the head is not shown. 
The point of the jaw, clean shaven and brightly illuminated, is just above 
the geometric center of the picture. A white mantle or serape covers the 
right shoulder. The right upper sleeve is exposed as the rather large black 
area at the lower left. The hair and beard are after the manner of a late 
medieval representation of Christ. 

University of Utah PAuL B. PORTER 


THE XIV INTERNATIONAL CONGRESS OF PSYCHOLOGY 


At the XIV International Congress of Psychology, which was held in 
Montreal June 7-12, 1954, the program of papers represented a striking 
departure from the practice usually followed at congresses and at most 
meetings of large associations. The committee in charge of the program 
made the bold decision to send out no call for papers. In an effort to 
achieve greater unity and coherence for the scientific sessions the members 
agreed that all reports would be by invitation only, and that speakers 
would be chosen on the basis of their ability to make significant contri- 
butions to the various topics and symposia which the committee had de- 
cided upon more than a year before the date of the Congress. The general 
plan was to have not more than two or three meetings in session at any one 
time, and to select for each meeting four or five speakers who would ad- 
dress themselves to the topic in hand. Dr. R. B. MacLeod undertook the 
task of arranging for the programs and speakers. The general opinion 
expressed by those in attendance was that the XIV International Congress 
set an excellent example of high standards of material presented and inter- 
est aroused. Discussions after each session were long and frequently heated. 

The topics chosen for the symposia ranged widely over the whole field 
of modern psychology. The main emphasis was supposed to be on new 
and basic research and theory. Clinical papers, for example, pointed out 
the relation of diagnostic and testing procedures to fundamental concepts 
in abnormal psychology, while papers on industrial psychology presented 
important considerations for social psychology and for theories of iis 
Sonality. Abstracts of all the papers will be published in the proceedings of 
the Congress. : 

Meetings at which papers were presented took place in the morning 
and afternoon, Evening sessions were given over to special addresses. On 
Monday evening, June 7, Henri Piéron, President of the Interríational 
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Union of Scientific Psychology, introduced the co-presidents of the Con- 
gress, Edward A. Bott and Edward C. Tolman. Bott spoke on the influ- 
ences of organization on psychology as a science. Tolman dealt with the 
subject of performance vectors and the unconscious, during which he found 
time to digress impressively upon the intellectual repressions on both sides 
of the iron curtain. On Tuesday evening, June 8, Jean Piaget gave an 
address, Structures perceptives et structures cognitives dans le dévelopment 
de l'espace chez l'enfant. A large audience on Wednesday evening listened 
to a lecture by Wilder G. Penfield, Professor of Neurology and Neuro- 
surgery in McGill University, on the cortical record of the stream of con- 
sciousness, On Thursday evening Baron Albert Michotte van den Berck 
gave a detailed account of his views on perception and cognition with the 
aid of slides which demonstrated many of the experiments which he has 
performed over the years at Louvain. 

Two special convocations were held on the closing day of the Congress. 
At the University of Montreal honorary degress were conferred .upon 
Herbert S. Langfeld, Albert Michotte, and Henri Piéon. Similar awards 
were made at McGill University to Edward A. Bott, Jean Piaget, and 
Edward C. Tolman. 

At the XIII International Congress of Psychology held in Stockholm in 
1951, the newly founded International Union of Scientific Psychology 
accepted the invitation of the Canadian Psychological Association to hold 
the 1954 Congress in Canada with the American Psychological Association 
as joint sponsor, The choice of Canada as the place of meeting seemed 
suitable for many reasons, not the least of which was the desire to spare 
foreign psychologists the difficulties which some of them might encounter in 
trying to arrange for travel in the United States. 

The committee in charge of planning for the Congress was composed 
of six Canadian and six American psychologists, with Donald G. Marquis 
as chairman. Money was the main concern and headache of this com- 
inittee, particularly after it became apparent that fees for membership 
were going to fall far short of expectations; but by skillful maneuvering 
on the part of several members of the committee, especially the chairman, 
the task of bringing the expensive Congress to a successful close without 
an appreciable deficit was happily accomplished. Donald O. Hebb was 
chairman of the Local Arrangements Committee, and to him and his co- 
workers the visiting psychologists from all over the world are indebted 
for the smoothness and efüciency with which housing, meals, transporta- 
tion, entertainment, officialreceptions, and scores of other difficult matters, 
including the weather, were so nicely managed. 
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Registrations for the Congress were slow, and late. Final figures indi- 
cate a total registration of 876 full members and 114 associate members. 
These individuals came from 31 different countries, including the 4 from 
Russia who read papers on recent advances in conditioning. The relatively 
small number of Americans who attended the Congress was a source of 
"surprise and disappointment. 

^ At the meeting of the Assembly of the International Union of Scien- 
‘tific Psychology it was decided to hold the next Congress in 1957. Jean 
Piaget was clected President of the Union. 

I. Princeton University CARROLL C. PRATT 


THIRTY-FOURTH ANNUAL MEETING OF THE 
WESTERN PSYCHOLOGICAL ASSOCIATION 


The Western Psychological Association held its thirty-fourth annual 
"meeting Thursday through Saturday, May 20-22, 1954, in the Wilton 
Hotel, Long Beach, California. The total registration was 840. One 
i hundred forty-two papers, eight symposia, six special luncheons, an invited 
address, and a public information program were scheduled, in addition to 
the presidential address and the business session. 

The presidential address, entitled “The Growth of Intelligence,” was 
‘delivered by Dr. Nancy Bayley at the banquet Friday evening. Special 
" luncheons were held by the Committee for the Scientific Study of Religion, 
“the State Colleges Psychological Staffs, the Veterans Administration per- 
“sonnel, Ps? Chi, the Society for Projective Techniques, and the Los Angeles 
— Society of Clinical Psychologists in Private Practice. 

A committee made up of representatives of UCLA, USC, Occidental 

College, Long Beach State College, and the Veterans Administration, under 
"the chairmanship of James F. T. Bugental, was in charge of the arrange- 
— Ments. e 
At the business session Saturday morning it was decided that from now 
On the place of meeting is to be scheduled two years in advance. The 
- president was asked to appoint a special committee on the structure of the 
Organization to consider which of the informal procedures that have been 
- followed in the past are no longer applicable now that the organization 
has reached its present size. 
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to hold a separate meeting in 1955 since the American Psychological As- 
sociation is scheduled to meet in San Francisco, but to accept the invitation 
of the University of California at Berkeley for 1956. 

University of Oregon LEONA E. TYLER, Secretary 


THIRTEENTH ANNUAL MEETING OF THE CANADIAN 
PSYCHOLOGICAL ASSOCIATION 


The thirteenth annual meeting of the Canadian Psychological Associa- 
tion was held in Montreal at the Queen’s Hotel on June 5-6, 1954. Total 
registration was 201. Eighteen papers, six symposia, and the annual business 
meeting comprised the program. Three special addresses were given during 
the meetings: Dr. R. B. McLeod presented the preliminary findings in his 
survey of Canadian psychology; Dr. Otto Klineberg discussed national 
stereotypes and their theoretical and national implications; and Dr. Julian 
Blackburn gave an account of his visit to the Inter-American Society of 
Psychology. Dr. D. C. Williams gave the presidential address. 

The following officers were elected for the ensuing year: President Noél 
Mailloux, University of Montreal; President Elect, G. A. Ferguson, 
McGill University. 

McGill University DALBIR BINDRA 


BOOK REVIEWS 


Edited by M. E. BrrrERMAN, University of California 


k, Oxford University Press, 1953. Pp. vi, 800. 

sychologists have a way of getting ahead of themselves in the publication of re- 
ch and waiting too long between summarizing and evaluative accounts of their 
ss. When we drop too far behind, it becomes impossible for non-specialists 
ep up; worse yet, even specialists may feel stifled by accumulating data as they 
sight of implications and presuppositions. 


experimental psychology. He has written a large and conscientious book. In it 
ual perception and learning have been treated with originality and thoughtfulness 
with a kind of serious attention to theoretical issues that we have not had for 
time, Other areas, psychophysics and sensory physiology, language and thinking, 
almost as well handled. Osgood has really read the literature of these fields and 

chosen intelligently among the critical facts and problems; for this is not a 
npendium-—it is a text-book in the best sense of the word. Osgood is for the time 
ing a teacher, and a most effective one. For one thing, he can write. You need 
er struggle with a sentence or a paragraph to know what it means. Besides, his 
ytiting is vigorous and interesting; it never intrudes between you and him. There 
, of course, one thing even more important than an author's style—his willingness 
“to think about materials that he presents from other sources. Osgood thinks. The 
diches are absent; the pat answers rarely appear; the anti-theoretical attitudes that 
$0 often obscure real problems are unknown to Osgood. 

“Students gnd their teachers will read this book for a long time. Both author and 
Publisher deserve our gratitude and praise for a volume which, because of its very 
Breat merit, requires extended discussion. 

The first disappointment in the book is perhaps an inevitable one. There are many 
places where it is out of date. No book can stay up-to-date long, and efforts to make 
it exactly so on the day of publication are expensive. Still, this book seems to have 
been started about 1947, and the author's reading beyond that point is reasonably 
- complete only on a few special issues that he has pursued into the 1950's. No ome 
© could fail to be struck by the lost opportunities that result, Some scattered examples 

‘Will illustrate what I mean. In discussing retinal bio-chemistry, Osgood states that 

"The regeneration of visual purple from its own end products must require the addi- 
ion of energy from some external source," yet Wald and Brown published their 
demonstration to the contrary as early as 1950. In a detailed treatment of the pos- 
“sibility of understanding figural after-effects in terms of Marshall-Talbot concepts, 
1 Osgood remarks that these effects “do not require the postulation of novel electrical 
“fields in the brain.” Yet such fields have long passed the stage of postulations they 
“have been discovered and recorded and experimented with; and Kühler and Held had 
eady published some of their observations in 1949. A generally thoughtful treat 
Ment of experimental analogues of repression omits Zeller’s papers of 1950 which 
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come closer to meeting the necessary criteria than most. Harlow’s 1949 work on 
learning sets is not mentioned anywhere although it is centrally relevant to several 
issues that occupy Osgood. It is regrettable that these and other discussions could 
not have been modified in the light of later evidence. Each reader will find his own 
specially poignant examples. 

Sensory processes, The early sections of the book, on sensory problems, are well 
done. We have had a number of good, high-level treatments of most of these problems 
in recent years, and Osgood's presentation compares favorably without attempting to 
replace more specialized treatments. In a few places, notably in his discussion of 
temperature sensitivity, he is especially helpful because of his clarity and the original- 
ity of his arrangement of arguments. For the rest, he is traditional in his approach; 
sound, careful, and adequate in representing opposing points of view. 

Perceptual processes. It is in the section on visual perception that Osgood first 
begins to impress his own psychological conceptions on the reader. It is impossible 
to read this section without admiration; it is equally impossible to read it without 
queries, criticisms, and occasional outrage. I think it is fair to say that no con- 
temporary author has written so fully and so clearly about the central problems of 
perception. We have been especially unfortunate in recent secondary accounts of 
these topics, and Osgood's is the best general treatment since Woodworth's in 1938. 
In most ways it is better than Woodworth. Nevertheless, one finds confusions and con- 
tradictions that ought to be rationalized or amended in another edition. 

I pass over with a wince Osgood's identification of isomorphism with mind-body 
parallelism; perhaps more careful reading of Kéhler or more philosophical sophistica- 
tion will someday rid psychologists of this notion. But there are more serious con- 
fusions in the same area. For instance, Osgood quotes with apparent approval the 
strange contention of K, R. Smith that the existence of stroboscopic motion between 
hemispheres (a fact that had long been familiar, by the way) creates difficulties for 
Gestalt theory. In fact, a field theory of some kind seems to be the only view capable 
of dealing with this phenomenon at all. Exactly the same issue arises in the discus- 
sion of Werner's theory of stereoscopic vision, where Osgood's dependence on data 
from strychninization leads him to reject a hypothesis that is in fact less damaged 
by hemispheral separation than is any neuronal connection theory—even if the 
Strychninization studies are really relevant. 

Osgood is less easily satisfied with ‘unconscious inference’ as an explanation of 
psychological facts than many contemporary writers; yet he falls back on such 
concepts with disturbing regularity when the going gets rough, Unfortunately his 
criteria for distinguishing between perception and secondary process are not consistent. 
Here is an example: in the account of brightness constancy, Osgood remarks, "The 
camera doesn't perceive,” and he goes on to show that the camera records a mis-match 
where O thinks two disks are alike. No one can quarrel with that. In his discussions 
of the Ames demonstrations, however, Osgood presents as perceptual problems 
situations in which the camera is ‘fooled’ as much as the human eye. He even 
attributes the human illusion (though presumably not the photographic one) to 
past experience. 

A kind of Helmholtzian view is especially apparent in discussing movement and 
the constancies. In the former case, Osgood falls back on the assumption that 
identification (of a second exposure with the first) is necessary for stroboscopic 
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motion, concluding then that identification is prior and permits an inferential process. 
The facts are otherwise. Two objects that would never in this world be identified 
under other conditions will give rise to movement under stroboscopic conditions, 
maintaining a kind of identity, to be sure, but changing shape, size, and color in 
the process. Identification is a psychological problem in its own right; and besides, 
the conditions for movement change the conditions for identification. 

Apparently Osgood is prepared to explain brightness constancy in fish as a matter 
of past experience, though the fact that some flat-fish change their skin color to 
match ocean bottoms in almost complete accord with constancy leads me to wonder 
what kind of learning would explain the acquisition of such a skill. Osgood shows 
here and elsewhere a real resistance to the proposal that animal nervous systems may 
react to relationships rather than to punctate stimuli; it is hard to reconcile this 
resistance with Osgood’s elegant demonstrations in other parts of the book that 
contemporary concepts of nerve conduction are capable of handling complex relational 
matters. The stubborn attempts to force all perception into the mold of piecemeal 
learning persists even into little things: Osgood says of children’s drawings that the 
child draws things as he Anows them to be; circumventing the obvious fact that the 
child draws them as he sees them, and ignoring the problem of how the child 
discovers which of many appearances he is to use as the “known” one. 

Related to the inference interpretations is a recurring tendency to slip out of 
stimulus-concepts into poorly defined conceptions of seeing or knowing. For instance, 
in criticizing Wallach's hypotheses about achromatic interaction, Osgood denies that 
the immediate surround is the only carrier of information about illumination; he 
says that if a blacker surface used as a background is “obviously under stronger 
illumination” constancy effects are still found. He does not indicate what the 
stimulating conditions might be that would make a darker surface obviously more 
highly illuminated; it is a nice problem. These things are troublesome just because 
Osgood is so careful and so provocative in most of his discussion. Just when you have 
begun to think that he has the problems of constancy well in hand, you may be 
brought up Short by such a lapse. 

There are a number of individual curiosities about the visual portions of the book. 
It may be worth listing a few of them. Nowhere in the discussion of the róle of 
complementaries in color theory does Osgood mention the fact that mixture-comple- 
mentaries and after-image-complementaries are not identical. He places a kind of 
reliance on the alleged facts about learning to see after cataract operations that is 
difficult to understand in an author who bas read the mixed-up and inconclusiye 
reports of Senden, Despite his association with the Dartmouth group and his obvious 
sympathy for the Amesian point of view, Osgood does not refer to the work of Ogle 
on binocular mechanisms—surely the finest work to come out of the Dartmouth Eye 
Institute, 

Learning. In the sections on learning, Osgood has made a more than valiant effort 
to treat all the issues of learning theory in considerable detail, His erudition is again 
fully equal to the task, and he again shows his penetration in questions, suggestions, 
and reconstructions, Students will find this part of the book a useful supplement to 
the other fine secondary sources already available. It is encyclopedic enough for 
anything except exhaustive bibliographic search, aad it has a Kind of theoretical 
unity that is hard to match elsewhere. > 
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Unfortunately the number of interconnecting issues in present-day learning theory 
is very great; modifying a hypothesis to fit new data creates a hazard of making the 
hypothesis incapable of explaining something else that it formerly handled. Osgood 
has a way of not letting the left hand know what the right hand is doing, so that 
he solves one problem with an interpretation that would not be permissible in 
another section of the book. 

For example, in discussing the phenomena of extinction, Osgood makes it clear that 
the response-competition theory founders on data about the effects of drugs, about 
spacing of trials, and so on. Yet when he finally comes to a summary interpretation 
of response-decrement, all that seems to be forgotten, and the learning of competing 
responses is enthroned as a major principle. The treatment of conditioned inhibition 
is equally inconsistent; sometimes it is acceptable, sometimes it is not. In much the 
same way we get generalization cut to fit the problem under attack. In discussing 
discriminative learning, Osgood introduces without reservation the notion that 
generalization increases as learning increases, although he shows much later that he 
is well aware of such work as that of Gagne which requires a more complicated 
relationship between degree of learning and degree of generalization. 

On the issue of continuity, Osgood is traditional and clear—he demolishes Lashley's 
position with due courtesy and sympathy, and without hedging—but his much later 
discussion of transfer and retroaction is written as if completely insulated from the 
continuity problem. Studies of Underwood and of Gagne and Foster (and of others 
not mentioned by Osgood) demonstrate that a strict continuity position is untenable, 
If it were true that every trial increases response-strength, there could be no reversal 
in the amount of transfer as a function of practice. It is ironic that Osgood should 
quote with approval Underwood’s hypothesis that some form of discrimination 
supervenes, since it is exactly discrimination that was supposed to be explained as a 
continuous process a few pages back, We cannot really hold Osgood accountable in 
any serious way for these gyrations. They exist because of the state of our knowledge 
in mid-twentieth century and because we try so hard to find general postulates and 
principles to explain the enormous amount of empirical data classified under the 
heading of learning, Nevertheless, the reader should beware of reading separate 
sections of this long portion of the book lest he miss important evidence that turns up 
only under another argument. 

Two theoretical contributions of Osgood's require special attention. The first is 
his mediation hypothesis which adds to the formal equipment of Hullian theory a 
concept often suggested in slightly different form by others. Osgood’s mediator is 
much like Hull’s ‘pure stimulus acts’ and Guthrie's "response-produced stimuli.’ I 
find it indistinguishable from Seward's ‘surrogate response. Like Seward’s inter- 
vening variable, Osgood's has both stimulus and response properties; it is in fact a 
stimulus-producing response to overt stimuli. Added to Hull's general system and 
treated as if it obeyed the laws of that system as they apply both to stimuli and to 
responses, it increases the power of the theory considerably. It makes possible con- 
ditioning-explanations of latent learning, place learning, and other phenomena that 
cognitive theorists have claimed to spell doom for associationism. We may reason- 
ably ask, however, why ‘mediating response’ at all? Once we have passed beyond 
naive behaviorism to a language of constructs what is so sacred about responses? 
Why not call ‘these hypothesized events ideas?—or, more specifically, beliefs, ex- 
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pectations, memories and other varieties of idea? It is a strange fact that the only 
trace of dualism extant in scientific psychology should be found in the modern 
behaviorist who appears to be frightened by certain terms because they seem to him 
to describe a different realm, an incommensurable substance, from the ones with 
which he is used to dealing. Or, if mental terms are too strong medicine, why not 
talk of a central nervous process instead ‘of a response? The constant preoccupa- 
tion with response suggests the old motor theories of thought with all their incon- 
sistencies and confusions; if we do not mean response in any real sense, why not 
talk of the (presumably) cortical event that may or may not lead to response in a given 
instance but is certainly available for association whether it does or not? 

My second problem is Osgood's treatment of similarity in retroaction and trans- 
fer, Here he repeats essentially what he wrote a number of years ago in a journal 
article. It goes like this: (1) Similiarity can be a matter either of stimulus or of 
response; (2) in either case, it can be defined operationally by reference to func- 
tional identity in the laboratory situation; (3) to the extent that two learning situa- 
tions have functionally identical stimuli, transfer will tend to occur, zero transfer 
occurring only when the stimuli are unrelated; (4) given a tendency to transfer, the 
amount and direction will depend on the similarity of the responses required in 
the two kinds of learning—functional identity of responses leading to a maximal 
positive transfer, intermediate degrees leading to progressively negative transfer, 
and antagonistic responses leading to maximum negative transfer. These four "em- 
pirical laws” are then combined to produce a three-dimensional graph showing "the 
surface of retroaction and transfer,” for what is true for transfer is also said to 
be true of retroaction. 

There are too many difficulties with this view to permit exhaustive treatment here, 
but let me point out a few inadequacies. The similarity dimension is not really 
defined. It is only anchored. Granting that we can agree on the meaning of "func- 
tional identity," where do we go from there? The implication is that as physical 
aspects of the stimulus change, similarity (and hence transfer) changes monotonically, 
but the alleg&tion that this is not so has always been at the heart of the similarity con- 
troversy. In another lapse of memory, Osgood neglects here the issue of octave- 
generalization that he raises in another place. If a response of the kind learned to a 
tone of 1000 cps. can be more readily produced by a new tone of 2000 cps. than 
by one of 1500 cps., what happens to the operational definition of similarity? 

Moreover, a transfer dimension that must fit both memory and performance creates 
difficulty and confusion. The difference between positive and negative (performance) 
transfer is an extrinsic one: two rats with the same training will perform alike in à 
new maze (both, say, turning to the right because that was what they did before) ; 


if it is E's whim to reward one for this response and not the other, we score two 
and the other as nega- 


identical performances differently, one as positive transfer a 

tive. Retroactive interference, on the other hand, produces what appears to be a fail- 
ure of the present stimulus to arouse @ particular past association, We might be 
able to make a rat forget which way to turn on Maze A by interpolating a lot of 
other mazes, If we do, it will prevent both positive and negative transfer from Maze 
A to the present one. In other words, the identification of positive transfer with 
retroactive facilitation leads to difficulties. Osgood'setreatment seems to imp Jy: that, 


Communication between a present process and an old associatione must lead to 
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tepetition of the originally learned act. That is manifestly not so. A high degree of 
similarity between the present stimulus and an old one may lead to recall of the 
old situation without leading to the response that then occurred. Recall itself may 
even lead specifically to inhibition of the response. I see no hope for clarifying 
the transfer-retroaction problem until we learn to distinguish between riding a 
bicycle and thinking about riding one, until we give up this outmoded preoccupa- 
tion with response and substitute an equally serious concern for central processes 
that make responses possible. I have a hunch that mediation theory is perfectly 
capable of handling these distinctions, and I hope Osgood will someday attempt to 
work them out in detail. 

Here, as in the section on visual perception, there are curiosa which I feel con- 
strained to sample. Osgood says in one place that the randomness of early stages of 
instrumental learning is a concept fostered by gestalt Critics; this statement is so 
completely at variance with history that I can only suppose there is some ellipsis or 
printing error involved. Thorndike is the father of the random nature of the cat's 
behavior, and the “gestalt critics" were most vigorous in their opposition to the 
whole notion. Another strange item is the statement that "higher order conditioning 
is certainly greatly extended in human learning." Attempts to prove this contention 
have failed signally, and one can only wonder where Osgood's certainty comes from. 
Again, the author says with conviction that all theorists agree that contiguity (between. 
stimulus and response) must occur before learning can take place. Certainly not 
Tolman; certainly not Köhler; certainly not Katona—to name only a few men whose 
work Osgood quotes in other places. What can such a sentence mean? These are 
blemishes on an otherwise excellent section on learning, a section to which I expect 
to return again and again in connection with both teaching and research. 

Symbolic processes. This last portion of the book contains much interesting ma- 
terial not summarized elsewhere, but it is not up to the earlier portions in effective- 
néss of organization or in incisiveness of writing. Perhaps that is the fault of 
factual paucity and not the fault of the author. 

In these pages Osgood several times shows signs of recognizing the close relation- 
Ship between his mediating reactions and what we normally call ideas, and in one 
or two places he even seems prepared to admit that they need not be responses at all. 
At other times he persists in what seem to be gratuitous efforts to force language 
and thinking into a behavioristic mold. This kind of thing is particularly evident 
when he writes of the mediator attached to a word as “being some fractional part of 
the total behavior elicited by the object.” In other places we find vacillation: Osgood 
criticizes C. W. Morris because of "the fundamental danger that ‘dispositions’ may 
serve as mere surrogates for ‘ideas’ in this system,” but then two pages later he 
writes, “the representational mediation process is a hypothetical construct . . . it could 
be entirely cortical without invalidating behavioral implications.” 

There are some fine things in this part of the book. Osgood's own explorations 
of the problem of measuring meaning are extremely suggestive. His comments on 
other people's work is often productive and insightful: witness his suggestion for 
reversing the order of training in Maier's ‘reasoning’ experiments. A real achieve- 
ment is the imposition of some unity upon matters as diverse as concept-formation, 
the statistical structure of language, and synaesthetic thinking. 

The criticaPreader will find a number of surprises. The defense of associationism 
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to certain kinds of carelessness. In discussing Birch's studies of learning in the 
npanzee, for instance, Osgood concludes, that “past experience played a réle in 
üghtful solution of problems," but this does not mean what seems to be im- 
Particular S-R sequences had not been used before, and in the phrase “past 
erience" lurks the entire controversy about how experience works. Osgood seems 
saying that Birch's studies undermine the notion of insight and strengthen an 
ation theory, while in fact the issue is left in doubt. Or again: in accounting 
the results of Maier's experiments on human learning, Osgood writes that "dis- 

ons toward the various skill sequences . . . become associated with such per- 
ed properties.” How does a disposition become associated? The question at 
seems to be begged. No attempt is made to show that dispositions are really 
nses for another sixty pages, and even then it is not done convincingly; but 
in one phrase the real problem is by-passed. A final example of the same kind is 
od's dismissal of unlearned acts from the category of sign-behavior, thereby 
ing at least part of that question and introducing an 4 priori limitation of an 
torical kind into what should be a functional definition. Surely the question of 
-héther or not a particular act is a sign-process must be decided in terms of the 
mporary properties of the act itself in relation to total behavior; not on past 


"The minor curiosities of this last section include the following sentence referring 
an experiment of Foley and Cofer: "Although recall after reinforcement with 
lonym list II was not significantly superior to that after the control list, it is sur- 
sing that there should be any difference at all. . . ." What difference? The failure 
the significance test means precisely that, within the error of measurement, there 
is no difference. 

‘In summary, it is important to say again what a fine and stimulating work Osgood 
turned out. It has a kind of integrity that one finds all too seldom in 
hological writing. Every page attests to the author's scholarship, his thought- 
fulness, and his understanding. Nowhere does the reader feel that a topic is in- 
cluded for extraneous reasons or a problem skimped in the fashion of mechanical li- 
ry research. Osgood's own contributions to psychological theory will make this 
ok useful for a long time to come by providing meat for experimental chewing in 
ny laboratories. In addition, he has provided a textbook and reference work that 
$ no contemporary peer and may well prove. the ‘bible’ of graduate students and 


nced undergraduates for some years. He and his publisher are to be congratulated. 
Swarthmore College W. C. H. PRENTICEs 


Introduction to Psychology. By ERNEST R. HILGARD. New York, Harcourt, Brace 
hd Company, 1953. Pp. x, 659. 

One of the rights of the reviewer of an introductory text-book is to wander 
eld and to express his views on the philosophy of science, the state of psy- 
ology, and the CRISIS FACING US. Because I think that Hilgard's new text is 
good one, and because Hilgard knows the high regard in which he is held by 
S colleagues (including me), I feel certain that I can avail myself of that right 
(at his expense, and to some extent irrelevantly) without risk of misinterpreta- 

£ 


n. E 
The institutions, professors, and students who annually become enmeshed in 
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introductory psychology courses are large in number and varied in kind. Encouraged 
by the variability, every instructor in psychology carries a ‘new and different’ text- 
book manuscript in his briefcase; and, in view of the tremendous market created 
by so many students, every publisher seeks to ferret out these manuscripts and add 
them to his list. Of the writing and publishing of introductory textbooks, there- 
fore, there is no end—nor is there likely to be. These comments are not intended 
critically—at least not completely so. I feel that it is good that so many students 
are subjected to some education in psychology; I feel that different groups of stu- 
dents require textbooks written at different levels of complexity and thoroughness; 
and, finally, I feel that psychologists should be encouraged to produce varying 
textbooks. These are all good and sufficient reasons for suffering many different 
textbooks to come unto us. Our field is simply not well-enough structured (in terms 
of either facts or notions) to permit a ‘standard’ textbook even for the introductory 
course. Nevertheless, once having established myself as four-square for the virtue 
of tolerance and as yielding to no man in my abhorrence of the sin of dogmatism, 
I feel it necessary to specify in more detail what I mean by virtuous tolerance 
and sinful dogmatism. In the light of these specifications I shall then discuss Hil- 
gard's new text. 

To say that different groups of students need textbooks written at different levels 
is not to justify two current fads which seem deliberately and cynically to under- 
estimate both our students and our colleagues. The first of these is the assumption 
that textbooks for college and university students should be written with as low 
a ‘Flesch-count’ as possible. It is my impression that a number of our recent texts 
have deliberately sacrificed a competent statement of a complex idea on the altars 
of the one-syllable word and the uncomplicated sentence. Just as ‘Gobbledygook’ 
is an abomination, so is ‘Simplicideblah.’ It is in the nature of the beast which is 
science that some of its ideas and concepts are complex, abstract, and technical. Now, 
it is probably true that even a complex and abstract concept may be expressed in 
one-syllable words if you use enough words—but why do so? It may make it easier 
for the reader to follow, but it may also make that much less graceful a reading, 
that much more boring a reading, and that much Jess rewarding a reading. Further, 
it will not prepare the student for advanced reading or work in the field. Any 
science, indeed any discipline, demands its specific language. Any textbook which 
presumes to introduce a student to the science of psychology can hardly avoid the 
use of technical, polysyllabic, complex, and abstract expressions, My tolerance for 
discussions at different levels of difficulty does not, then, extend to textbooks written 
with the going vocabulary of the high-school freshman in mind. 

The second fad is based on the assumption that the more closely a textbook 
simulates a current copy of Life Magazine, the easier it becomes for the student 
(and the professor, I assume) to become ego-involved in such concepts as S-R 
theories of learning, retroactive inhibition, interaction-process-analysis, and sign- 
gestalt readiness. It is my impression that a number of our recent textbooks 
have irrelevantly (and irreverently) over-seasoned and over-peppered discussions 
of psychological concepts with ‘text-book cheesecake'—pictures, photographs, and 
cartoons that add not a whit or a smidgin to such discussions. I am not here 
referring to pictures of apparatus or even to photographs of eminent psychologists. 
I am referring? to such over-worked ‘corn’ as a picture of several three-year olds 
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playing together in a sand-pile which is captioned: “Social inter-action.” I suspect 
that for this kind of childishness (which adorns so many of our text-books) the pub- 
lishers, more than the authors, are at fault, It is perhaps another instance of what 
I might call the ‘Law of Hollywood Contagion’: “IF ONE STUDIO MANU- 
FACTURES A SUCCESSFUL HORSE OPERA THEN ALL OTHER STUDIOS 
MUST MANUFACTURE HORSE OPERAS.” This is known as ‘giving the public 
what it wants’ without any regard for the notion that the consummatory behavior 
of the public is, among other things, a function of the choices available to it, and 
that the public may prefer, and even consume avidly, other products if only those 
other products are made available. And so, one or two publishers having successfully 
sold hundreds of thousands of copies of introductory textbooks replete with 
second-hand ‘cute’ or ‘interesting’ pictures, every publisher then seeks to add such 
books to his list. I assume that the next step will come when some enterprising 
publisher puts out an introductory text complete with ‘pop-ups’ and pictures to be 
colored by the students and professors, I would suggest (tentatively and hesitatingly ) 
that it is just conceivable that a well-written, serious, and intellectually exciting 
textbook without such pictures might turn out to be a financially successful pub- 
lishing venture—and at a considerable savings to the student who, in the last 
analysis, must pay for the slick-paper reproduction of these warmed-over pictures. 
My tolerance for textbooks of different levels of complexity or thoroughness does 
not, then, extend to picture-books accompanied by some textual material. 

I have said that our field isn’t structured well-enough to permit us to decide 
upon one ‘standard’ textbook, but psychology is not completely without form and 
without shape. Actually psychology is in very good supply of orientations, theories, 
and systems, and one would think that such wealth would result in a many text- 
books written in terms of some orientation, theory, or system. This was true at 
one time, but not so now. Someone is laboring under the impression that students 
do not want theoretical systematization, that our colleagues are either unappreciative 
of the need for such systematization or else incapable of teaching a theoretically 
coherent couse, and that the less integration the better. Now it is obvious that any 
one textbook, written from one systematic point of view, will appeal only to a 
limited market, But that is as it should be! Let there be many textbooks, each 
one clearly and unashamedly designed to present one systematic ordering of the 
fundamental data of psychology. The battle-cry should be not “How can I manage 
to break X's strangle-hold on the market?” but "How can I best write an inte- 
Stated presentation of psychological data for those instructors who sympathize with 
my approach.” This contention may only display my naive business-sense, I don't 
think so. So-called ‘business sense’ has nothing to do with the problem. No text- 
book should be written unless it is designed to advance psychology as à science, 
Or a profession, or a practice, and I am committed to the notion that psychology 
Will not so advance unless we persistently strive to seek understanding. of our data 
and to convey that understandings to our students. Felix Bloch, co-winner of the 
Nobel Prize in Physics for 1952, began his acceptance address with the remark: 
"It is a tribute to the inherent harmony and organic growth of our branch of 
Science that every advance in physics is largely due to the developments that pe. 
ceded it." Now I know that psychology has not yet achieved that degree of "in- 
herent harmony and organic growth” which Bloch ascribes to physfts, bu, at the 
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risk of sounding wistful, is it too much to ask that at the very least the various 
chapters in an introductory textbook be somehow interrelated, and somehow con- 
nected, and somehow harmonious? Must each chapter be a completely closed 
Psychological Bulletin article (written at a high-school level) having nothing to 
do with the chapter preceding or the chapter following? Is this really the way to 
teach a science? 

I have already said that I think Hilgard's new text is a good book, but it is, to 
me, somewhat disappointing. I had expected much more. Of the sins I have outlined 
above, Hilgard's book is guilty on one minor and one major count. In the first 
place, the ‘packaging’ of the book is in the best style of the ‘overdone’ school. 
I have the results of some research on this matter. According to my count the 
student who pays $5.75 for this textbook is paying for about 40 pages of useless 
picture-book fillers—ranging all the way from a full-page picture of an innocent 
babe at sleep (with the caption: “Most of infant behavior has a physiological 
basis”) to a half-page picture of women garment-workers at the work-bench, 
Perhaps Hilgard’s text is not the worst sinner in this respect, but there is enough 
fol-de-rol to distress me and to cause me to resent the publisher's evaluation of 
American universities and psychology professors. This whole matter may, however, 
be primarily one of taste, and perhaps the sin should be regarded only as a 
minor one, 

Of more consequence is the failure of systematization. Here I am tempted to 
say that, as far as inherent harmony is concerned, Hilgard’s book has twenty-five 
chapters, but that would not be completely fair. Instead I might more fairly say that 
Hilgard has several relatively independent books within one cover. He has sections 
on “Growth and Development,” “Motivation, Emotion, and Adjustment," "Learn- 
ing, Perception, and Thinking," "Individuality," "Psychology Applied to Personal 
and Social Problems," and "Psychology as a Science and as a Profession." Certainly 
it would be difficult to regard this textbook as ‘academic’ or narrow—it covers 
much of the content of what is called "Psychology' today—but nowhere is Hilgard's 
well-known eclecticism more obvious. Each section calls upon a different set of 
hypotheses and principles. It is a bit puzzling to discover, for example, that chapt. 9 
("Individual Modes of Adjustment") has no reference to chapt. 10 ("The Nature 
of Learning"). Actually one wonders why the student is introduced to problems 
of adjustment before he has had an opportunity to learn anything about learning, 
forgetting, perception, and thinking; but, even after the student has been exposed 
to the material on perception and learning, no use is made of it in the chapter on 
"Mental Health and Readjustment Techniques" where one would suppose that prin- 
ciples of learning, at the very least, would have some relevance. The reason for 
the failure to refer to these principles is especially obscure since in the introduction 
to the latter section Hilgard points out that “Wise application of the principles of 
psychology can furnish help in guiding individual lives, in managing human rela- 
tions, and in predicting the direction of social change." Aren't principles of learning, 
perception, and thinking "principles of psychology" or are they principles which 
cannot be put to "wise application?" Of course, a serious attempt to apply the 
principles of learning, perception, and thinking to psychdrama, client-centered 
counseling, group-therapy, psychoanalytic transference, abreaction, and so forth 
(some of the "topics dealt with in chapt. 19) would have required a great deal of 
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theoretical thinking-through as well as theoretical courage, but anyone who would 
add another book to the long list of books we already have should be willing to do 
just that. “Integrate, integrate, integrate" is the shibboleth of the day. But who is 
to do the integrating? The student? Is he supposed to integrate psychoanalytic 
notions with S-R notions, with ‘field’ notions, with ‘maturation’ notions—and with 
a dozen other #nrelated notions to which Hilgard has recourse as he goes from 
one section of the book to another? It should be clear that I am not objecting 
to the wide coverage of the book, but I should like to have seen more organic con- 
nections on this water-front. The wide coverage, indeed, is one of the strengths of 
the book, although even here I have a few minor questions to raise. Some sec- 
tions have dubious value for an introductory book in psychology—such, for example, 
as the discussion of the number of jobs available in psychology today and what 
psychologists earn; some sections which should have been included were not—for 
example, material on basic neurology and statistics. 

On the positive side of the ledger, several points should be made. In the first 
place, Hilgard is not guilty of the first sin I have discussed in my opening remarks. 
His writing is good. He is not afraid of a complex idea or a technical expression. 
He does not write down, nor is he unnecessarily and boringly repetitious. You do 
get the feeling that he had a University student in mind when writing this book. 
He avoids simplicideblah without falling into the trap of gobbledygook. His 
15-page glossary of technical terms and. "common words when used in psychology 
with restricted meanings" is well-done and will be appreciated by both the student 
and the instructor, From the point of view of style, the book is a difficult job well 
done. I have already referred to the wide coverage of material. The wealth of ex- 
perimental data, clinical material, charts, and tables compares favorably with. any 
Current textbook in introductory psychology. Within any one chapter all of this 
material is efficiently and intelligently organized, and adequately integrated. In 
many of the chapters Hilgard attempts to summarize and draw out implications 
and general principles, which he does most consistently for the chapter on "The 
Nature of Learning." His level of aspiration here is good, but I'm not too certain 
of his level of achievement. Item: a “general principle of associative formation" is 
Stated on p. 217 as follows: "associative strength between two items is increased 
by repetition provided the items occur together and are similar or vivid or meet 
other conditions favoring associative connection.” The last clause of this principle— 
Starting with the phrase “or meet other conditions” is, in my opinion, one of 7 
most amusing bits of circularity I have seen in psychology. Hilgard nodded at thig 
point. Item: a principle "to account for recall guided by set” again emphasises how 
circular we can get when we try to explain (isn’t that what Hilgard means by “to 
account for") stimulus-response correlations by recourse to stimulus-response con- 
structs: "In associative recall under conditions of specific set, those items tend to be 
recalled that fit the specifications” (p. 218). Does this principle “account for recall 
E by set"? But of course we should not rail against Hilgard—he is illustrating 

ere what so much of psychology is today. E 

„Until someone duds my prc psychology text, Hilgard's will do, and 
given what is available to the public today, I recommend it heartily to all teachers 
of all persuasions, 

University of California 


Divi KRECH 
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Advanced Statistical Methods in Biometric Research, by C. RADHAKRISHNA RAO. 
New York, John Wiley and Sons, 1952. Pp. xvii, 390. 

The author's stated object is to present a number of statistical techniques of 
relevance to biological research, particularly those dealing with multivariate analysis 
and classificatory problems, topics which are usually passed over lightly or omitted 
in the standard textbooks on statistical inference and experimental design. Following 
a highly condensed review of the algebra of vector spaces, matrices, and determi- 
nants, Rao takes up the binomial, poisson, normal, gamma, beta, and the multi- 
variate distributions, illustrating throughout the fundamental importance of least- 
squares in distribution theory. The third chapter deals first with applications of the 
least-square technique in the estimation of parameters, proceeds to the usual tests 
of linear hypotheses, as in analysis of variance, and ends with the theory of statisti- 
cal regression. A thorough, up-to-date presentation of the general theory of 
estimation—concepts of consistency, information, sufficiency, and efficiency—is to 
be found in the fourth chapter, which emphasizes the method of maximum likeli- 
hood. In the next two chapters Rao discusses problems of specification and tests 
of homogeneity, largely employing the chi-square distribution. 

The remainder of the book is devoted to multivariate analysis and the utilization 
of multiple measurements in problems of classification. This section should prove 
of special interest to psychologists, largely because most of the material is new or 
has hitherto been relatively inaccessible. Extension of univariate analysis of variance 
to the case of multiple variates has been slow in spite of great theoretical interest. 
Rao has attempted with fair success to develop a unified approach to the problem 
of tests of significance in multivariate analysis by developing the concept of analysis 
of dispersion and applying it with several concrete examples. Briefly, analysis of 
dispersion is the technique of analyzing the variances and covariances of multiple 
correlated variables into various categories with the corresponding distribution of 
degrees of freedom. Comparison of the mean product matrix due to deviation from 
the null hypothesis and the mean error matrix is accomplished in terms of criteria 
developed from an extension of the method of discriminant function analysis. The 
method appears to be a natural extension of the comparison of variances in uni- 
variate analysis of variance. Consequently, it should find valuable application to 
psychological problems in which a generalized test of significance for & samples and 
p vatiables is desired. 

Of particular interest to many will be the thorough and original discussion of 
Statistical inference in classificatory problems. Following a brief introduction to the 
theory of Neyman and Pearson dealing with test-power, Rao takes up Fisher's dis- 
criminant function and the difficulties encountered in its application. Several modifica- 
tions are suggested and developed which are of great practical significance for cer- 
tain problems of classification. 

The last chapter presents a theory for measuring the distance between two Or 
more populations and the determination of group clusters or constellations. This 
discussion is particularly pertinent to the problem of classifying different groups of 
individuals on the basis of a pattern-analysis, a problem about which psychologists 
have recently become increasingly concerned. Out of this theory is developed a 
method for representation of p-dimensional data in a smaller number of dimensions 
with a Corresponding test of significance for the residual variation. The objectives are 
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markedly similar to the more widely known methods of factor analysis although the 
approach is distinctly different. 

Examples of application are given in detail throughout the book, making it con- 
siderably easier for the reader with only elementary training in mathematics to see the 
potential usefulness of the statistical methods presented. Almost all illustrative data 
have been drawn from physical anthropology, and the reader will have little difficulty 
in visualizing the concrete problems. Two examples, both drawn from the same study, 
deal with psychological data, One problem is concerned with determining how scores 
on three psychological tests can be used with a minimum of error to classify army 
recruits as normal or in one of five neurotic categories, The other deals with a test 
for reduction in the number of dimensions from six to two for classification according 
to neurotic condition. 

Written for the advanced student of theoretical statistics and biometric methods, 
this is a book which few psychologists will be able to understand fully. Although 
it deals with problems directly relevant to psychological research, the presentation 
is terse and highly mathematical. Wayne H. HOLTZMAN 


Symposium on Fatigue. W. F. FLovp and A. T. WLronp, Editors, London, H. K. 
Lewis and Company, 1953. Pp. viii, 196. 

The twenty papers brought together in this volume were presented originally at 
the Symposium on Fatigue sponsored by the Ergonomics Research Society in March, 
1952, at the College of Aeronautics, Cranfield, England. The opening paper, by Sir 
Frederick Bartlett, attempts to establish a “set” for the members of the symposium by 
defining fatigue broadly as “a term used to cover all those determinable changes 
in the expression of an activity which can be traced to the continuing exercise of 
that activity and which can be shown to lead. . . to results within the activity which 
are not wanted” (p. 1). This general set appears to have been adopted wholeheartedly 
by the participants, for here is a collection of papers whose diversity in method, in 
theory, and ip purpose, suggests that the current state of research on fatigue consists 
mainly of scattered, many-sided, and often independent experimental attacks on iso- 
lated and frequently unrelated parts of a little understood problem. 

This great diversity may be illustrated in terms of a few specific approaches. Wel- 
ford, for example, takes the position on the problem of measurement that the "main 
phenomena” of fatigue have been exposed and that they may be subjected to 
classification in terms of their effects, such as decrement in performance (pp. 190- 
191), On the other hand, R. C. Browne and T. ‘A. Ryan, jn separate papers, attempt 
to show that fatigue may perhaps be better understood in terms of concepts other 
than fatigue. Browne asserts that prolonged performance may result in subjective 
symptoms and change in performance, but he argues that fatigue is not a single 
entity whose measurement will result from continued research on measurement. Ryan, 
in turn, re-emphasizes much of what has appeared in his recent work on effort, 
defined as an experience and measured by physiological indicators which are cor- 
related with the experience. Other investigators, among whom are H. C. Weston, 
H. R. Noltie, Erling Asmussen, and E. H. Christensen, appear to emphasize the 
Practical problem of outlining the conditions which contribute to fatigue, with no 
attempt to define fatigue precisely. A eo 

A number of papers deal with the interesting and difficult problem of measarement 
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and identification of fatigue-states. One paper, by J. B. Eagles, A. M. Halliday, and 
J. W. T. Redfearn, reports a series of experiments which show that rate and ampli- 
tude of finger-tremor are correlated with exhaustion and acute exertion but not with 
chronic exertion. In another paper, J. L. Kennedy points out some practical problems 
in the employment of the recently developed ‘Alertness Indicator. Kennedy believes: 
that, in spite of good correlations between muscle potentials and performance in 
laboratory tasks, no really sensitive measure of ‘alertness’ is yet available for practical 
use, Other papers by R. S. Schwab, by D. E. Broadbent, and by W. T. Singleton, 
describe attempts to control the motivational factors which contaminate the measure- 
ment of muscular fatigue (Schwab) and to classify measurable aspects of fatigue 
in terms of breakdown of the focus of attention (Broadbent) and reduction in output 
or in accuracy of performance (Singleton). 

This collection of papers suggests to the reviewer two important trends in the 
study of fatigue. The first is a trend toward diversity in definition, with major 
emphasis on operational concepts (such as performance) which have received much 
emphasis in other fields, like learning. The other trend is a broadening of the scope 
of measurement, as shown by attempts to identify physiological states, either neural 
or muscular, which are correlated with the experience of fatigue or with changes in 
performance. The latter trend seems to result from a broader acceptance of the possi- 
bility that fatigue, resulting from continuous performance, may occur long before 
any real decrement becomes manifest. Future research may uncover methods for 
measuring neural or other bodily states which may in turn provide a more common 
ground for experimentation. Until such methods are found, further progress on the 
problem of fatigue will probably continue to consist largely in the isolation of 
specific factors within specific tasks that lead to specific changes in the performance 
of those tasks. 

In this volume there is a wealth of material to stimulate the thinking of the most 
critical reader. A number of new techniques of measurement are presented and 
several interesting lines of approach are outlined. The symposium will be of interest 
to the reader who is looking for a summary of recent research as well as to the 
reader who desires to find a well-conceived and thorough discussion of an important 
problem which cuts across many areas of psychology, physiology, and medicine. 

Aero Medical Laboratory JAMES M. VANDERPLAS 

Wright Air Development Center 


: The Study of Language: A Survey of Linguistics and Related Disciplines in 
America. By JoHN B. CARROLL. Cambridge, Harvard University Press, 1953. Pp. xi, 
289. 

This book, we are told, is “the outcome of a report written originally at the re- 
quest of the Carnegie Corporation." It is intended "to serve as a study guide” and 
it tries to “embrace the totality of present-day inquiry into various phases of human 
communication” (pp. v, vi). It is provided with an index, notes, and a list of more 
than 500 references, about one-tenth of them to non-English books and articles. 

There are nine chapters. The first is an introduction in which the scope of the 
field is described. The second, which deals with the history and methodology of 
the science of linguistics, includes a definition of language from which we may 
learn somethiltg of the author's cautious attitude towards his inquiry. “A language,” 
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he writes, “is a structured system of arbitrary vocal sounds and sequences of sounds 
which is used, or can be used, in interpersonal communication by an aggregation of 
human beings, and which rather exhaustively catalogs the things, events, and proc- 
asses in the human environment, The sounds and sequences of sounds are arbitrary 


only in the sense that they have no inherent or necessary connections with the things 


" to which they are said to ‘refer’ or to the situations or contexts in which they are 


used—these connections having been established only by specific processes of learn- 
ing” (p. 10). This definition does not refer to the origin and usage of words. In- 
deed, the author tells us that the scientific linguist “limits his field of inquiry by 
refusing to be concerned, except in a rather indirect way, with the content of the 
communication, that is, ‘what is being talked about’ ” (p. 12). 

In the third chapter, on linguistics and psychology, the author takes a "neobe- 
havioristic" position which enables him, he thinks, to reduce ‘meanings’ to ‘learn- 
ing’ and ‘learning’ to "reinforced associations. What one misses is the genesis of 
language, either the general art of language or the acquisition of language, especially 
by children. There is less than satisfactory treatment of ‘abstraction’ and the "sub- 
jective implicit behavior" which accounts for ‘thought,’ ‘idea,’ and ‘concept.’ “I 
take the initial position," writes Carroll, "that subjective events can be regarded as 
behavioral, that they play an important róle in many behavior sequences, and that 
appeal to them in a psychological context bears no necessary trace of philosophical 
dualism.” “We can regard the problem of consciousness as a spurious one,” he 
continues, “for if we think of subjective behavior as a series of responses, the 
notion of consciousness need not enter our discussions" (p. 72). Even so, Carroll's 
“guess that the selection of linguistically coded hypotheses is a function of two 
factors: (4) the stock of verbal responses which the subject can call up to solve 
the problem, and (b) the relative strengths of these responses in relation to the 
stimulus values of the material presented to the subject” (pp. 104-5) leaves one 
wondering just how relevance derives from responsiveness. 

The fourth chapter considers linguistics and the social sciences, especially an- 
thropology and sociology. It includes a discussion of an international auxiliary 
language with reference, chiefly, to Basic English and Interlingua. The fifth chap: 
ter, on linguistics and philosophy, is brief, but serves to include short reviews of 
the studies of C. S. Peirce and C. W. Morris. The sixth chapter, on language and 
education, is, like the sécond, a long one in which current methods and practices 
in the teaching of language are considered, including the foreign-language teaching- 
Programs sponsored in the armed forces during the recent war and their effect Wpop 
present collegiate programs of study. The attitude towards these recent methods is 
friendly but cautious, In discussing them the remark is made that “it is also con- 
ceivable that the efficiency of a teaching method varies with the type of student. 
In the last analysis, we are fundamentally ignorant of the psychology of language 
learning" (p. 187). One might have hoped that a 
teaching a report might refer to some specific investigations calculated to overcome 
this ignorance. Favorable attention is given to the views of C. K. Ogden and I. A. 
Richards while those of Korzybski are damned with faint praise. "Upon analysis, 
We are told, "the doctrines of general semantics turn out to be nothing more or 
less than a sprightly though somewhat muddled (sic) interpretation of facts and 
Principles taught in various sciences” (p. 167). The seventh chafter, on com- 


. 


"study guide" based on so wide- 
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munication engineering and the study of speech, desctibes some of the electronic 
. devices for, recording and analyzing language. The ‘Gighth chapter, on organizations, 
personnel, and publications, is a faetual listing of agencies. 

Since the original report which furnished the basis of this book was addressed to 
the negie Corporation, it is no surprise to find that the discussion of the future 
of langüage studies in the final chapter should be devoted to a plea for more 
support for the training of, and investigation by, scientific and communication 
"generalists" competent to handle the divers aspects of language. This plea is 
‘summarized in a list of five "priorities," the first being to collect little known Jan- 
guages, on the principle, perhaps, that the more data one has, the more investiga- 
tions can be made. The other four priorities refer to cash—for post-doctoral scholar- 
ships and fellowships, for "interdisciplinary seminars," for “grants-in-aid,” and 
for the support of specific researches. Are we then to Suppose that more funds and 
more persons to spend them are all that is needed to produce a science of lan- 
guage? One bas a feeling that something is missing from this Survey of Linguistics 
and Related Disciplines in America, The author has referred to almost everything 
in language save the fine art of literature which, many would say, is no science. 
Yet there itħis, and remains, not the least important among "the various phases of 
human communication." Can it be accounted for as a reinforced association. gf words? 

Cornell University — 3 R. M. OGDEN 


The Deprived and thé Privileged. By B. M. SriNLEY. London, Routledge and 
Kegan Paul, 1953. Pp. vii, 208. 

Dr. Spinley's research is an examination of two hypotheses— (1). that sub-cultures 
exist, and (2) that there is a basic personality type. She assumes that "differences 
in sub-cultural personality structures, as well as the similarities, may be associated 


with experiences in infancy, childhood, and possibly even the late period of. 


adolescence." There is an historical introduction to the concepts of basic personality 
type and of sub-cultures, a detailed description of research procedures, a presenta- 
tion of each group of results, conclusions, and appendices containing ‘the details of 
the developmental studies and Rorschach analyses. r 
Dr. Spinley compared the developmental history of children raised in a slum 
area of London with that of tuition-paying children in “public schools of high re- 
pute.” Data for the slum group were collected through participant observation of 
children in a community settlement house, through structured interviews with resi- 
dents and social workers in the area, and through analysis of the Rorschach test 


administered to a group of school children in the area. Data for the Public School . 


group were obtained from life histories written by former students of these public 
schools, through faculty. interviews and study of the curriculum of "one of the large 
institutions which train nufSery nurses,” and through Rorschach tests administered 
to a group of Public School children matched in age and sex with the slum-area 
group. She concludes that her data support her basic hypotheses and that there are 
| basic personality differences corresponding to different sub-cultural classifications. 
Although the study falls short of the precision and control asociated with labora- 
tory experiments, the laboratory scientist must admire Dr. Spinley's reasonably suc 
cessful attempts at control, and her caution in interpreting the data. 
Knox College ROBERT S. HARPER 
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AN EDITORIAL ANNOUNCEMENT 


Once again the editing of the JOURNAL is to become a coóperative affair. 
Beginning with the next number, the editorial duties and responsibilities, 
Which I have carried alone during the past few years, will be shared with 
M. E. Bitterman, Visiting Professor of Psychology, University of California 
at Berkeley, and Edwin B. Newman, Professor of Psychology, Harvard - 
University. Twice before my tour of duty the editorial responsibilities of 
» the JoURNAL have been carried for short periods by individuals and twice, ) 
for longer periods, by editorial boards. RR. 
G. Stanley Hall, the founder of the JoURNAL, carried the responsibility — — 
| alone through the first six volumes. After this period, and for the next 
| twenty-five years, the editorship was a joint affair. E. C. Sanford and E. B. dai 
Titchener became co-editors in 1895 with Volume 7; and J. W. Baird; —— —— 
. Professor of „Experimental Psychology, Clark University, in 1912 with $ 
Volume 23. Baird served until his death in 1919; Sanford and Titchener Be 
until the JouRNAL was transferred to Cornell University and Titchener f 
became its sole editor. a 
Titchener carried the editorial responsibilities for five years, from 1921. 
to 1925. He was succeeded in 1926 by M. F. Washburn, Madison Bentley, ^ 
E. G: Boring, and myself—all of whom had previously served on the [OR 
Journat’s Coóperating Board. Washburn's co-editorship continued until D 
her death in 1939; Boring's until 1946; and Bentley's, until 1951. The 
vacancies caused by these successive reductions were not filled. The. editorial, 
work was merely distributed among those who remained. Bentley's retire- 
Ment, consequently, left me with the full editorial responsibility of the. 
Journat, 06 ERU 
& — With the generous assistance of the members of the Coóperating Board, 
I was able to carry on but it has become incregsingly evident tp me that. 
the editing of the JouRNAL is not a spare-time job for one persof. It 
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cannot long be carried by a single individual who has other duties 
form and other responsibilities to meet. To carry a portion of the w 
in one’s spare time is a possibility; to carry it all is a burden that no 
as the history of the JOURNAL shows, has been able long to endure. I h 
no longer any doubt about the fact that the JOURNAL is served best c 
psychology benefits most when the editorial work is spread among se 
persons. 

Professors Bitterman and Newman, who now form with me the 
Editorial Board, were drawn, as were the members of the second 


assignments a full understanding and appreciation of their work. 
manuscripts and communications may be sent to any member of the : 
Board, promptest acknowledgments will be received from the editor 
nearest to the contributor. 


THE NATURE AND HISTORY OF EXPERIMENTAL CONTROL 
By Epwin G. Borine, Harvard University 


Solomon has discussed the history of the concept of control in expeti- 
mental work with especial regard to the use of control groups in the design 
of experiments,’ finding no instance of the employment of a control group 
before the study of transfer by Thorndike and Woodworth in 1901? and 
no extensive use of control groups in experiments on transfer until Winch's 
study in 1908. It is easily shown that the concept of control is basic to all 
experimental design and is, indeed, inherent in the essential relational 
nature of a fact. The purpose of this note is to analyze the concept more 
fully-and to say something more about the history of both the concept and 
the word. 

The word control has three meanings: (1) a check, in the sense of a veri- 
fication but thus also in the sense of a restraint, since verification restrains ; 
(2) a restraint, in the sense of a checking and thus also in the sense of 
maintaining constancy; and (3) a gwide or directing, in the sense of pro- 
ducing a precisely predetermined change, a constant and thus a restrained 
change. The word check itself has the first two meanings, though not the 
last, and the original meaning of control was check, for the word was 
counter-roll (contre-rolle), a duplicate register or account made to verify 
an official os first-made account and thus a check by a later roll upon the 
earlier. (Hence controller, which is misspelled comptroller because it has 
been thought of as meaning an accountant instead of a checker.) So the 
thought of correctness or conformity achieved by restraint runs all the way 
through the history of the word, even though what the psychologist hears 
Nowadays about ‘controlling behavior’ suggests the promotion of action | 
more than its restriction. 


1 Accepted for publication September 10, 1953. 
DI Sóloidon, An exon of control group design, Psychol. Bull., 46, 1949, , 


"E. L. Thorndike and R. S. Woodworth, The influence of improvement in one 
ye al function upon the iiae of other functions, Psychol. Rev., 8, 1901, 247- 
0034-195, RE esp. the eight-line paragraph on p. 558 where the use of a 

Broup is described. 5 T 

"W. H. Winch, The transfer of improvement of memory in school-children, Brit. 
T. Psychol., 2, 1908, 284-293. The article antedates the development of the statistical 
Bee for dealing with group differences. E 
naire B. F. Skinner, Science and Human Behavi 

ntrol seems to me to be more positive than ne, 
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The term control in the sense of a check or test observation or ex, 
ment came into scientific parlance in the latter half of the ninete 
century, as we shall see presently. By 1893 we find the New Eng 
Dictionary defining control as "a standard. of comparison used to 
the inferences deduced from an experiment by application of the Mel 
of Difference," which is the name of John Stuart Mill's second methoi 
experimental inquiry. The New English goes on to define control-exp 
ment as “a test experiment with this end in view." So control-experi 
was definitely in the language before control groups had been thoughi 
and this concept takes us back to Mill's four methods of experim 
inquiry in his Logic of 1843.5 

Mill's first method is the Method of Agreement: if A is always followed 
then A is presumably the cause of a. Mere agreement does not, however, furnis 
rigorous proof, although you may be limited to it when you lack the vol 
variation of events—the independent experimental variable—and are reduce 
description only. For this reason the establishment of causal relations in biogri 
history, geology, paleontology, and even astronomy is less sure than in experi 
science. Mill remarked that mere agreement would indicate that night is the ca 
day, and day the cause of night, since the sequence is universal, and he noted that 
can be more certain that agreement indicates cause when the antecedent term it 
conjunction of events can be established at will without dependence upon 
events. Mill was right in mistrusting the Method of Agreement, since the concu 
of A and a in sequence may mean only that both are effects of the same sufi 
cause, and, since if that other cause is sufficient but not necessary, it takes the Mt 
of Difference to show that A and a are not necessary concomitants. It is for 
reason that Mill suggested that the Method of Agreement is strengthened if A can 
be varied "at will," that is to say, if A is a freely independent variable. Such a ca! 
however, actually constitutes an extension of the Method of Agreement to includ 
Method of Difference (when variation of A includes its elimination) or the Mel 
of Concomitant Variation (when A is merely changed in degree). The infer 
causation is never safe when based upon agreement alone. 

The Method of Difference is Mill's second method: if A is always followed | 
and not-A is always followed by sor-z, then A is certainly the cause of a. 

"equivalent to adding the control observation: if not-A, then not-a. Mill used. 
word control once: “It thus appears that in the study of various kinds of pheno! 
which we can, by our voluntary agency, modify or control, we can in general sati: 
the requisitions of the Method of Difference; but that by the spontaneous op jl 
of nature those requisitions are seldom fulfilled.” This use of control is, howeve 


controlling environment; Self-control; Personal control; Group control; Econ 
control; Culture and control; and The problem of control. Certainly Solon 
control group bas little relation to Skinner's group control. Even in discus: 
experimental design the meaning of control is apt to vary. For instance, C. E. Bw 
in T. G. Andrews, Methods of Psychology, 1948, 73 £., in the course of two 
uses the woyd thrice as mearissg maintenance of constancy of conditions and on 
the sense of a test-observation. 

57.8. Mill, A System of Logic, 


Ratiocinative and Inductive, 1843, Bk. III, 
b 
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the sense of direction or guidance, whereas the Method of Difference provides control 
in the sense of a verifying check, although Mill did not make that use of the word. 
He recognized, however, the fundamental relation of his first two methods, speaking 
of the Joint Method of Agreement and Difference, which is essentially the modern 
scientific procedure for treating contingencies when continuities are not observed. 

(The third method, the Method of Residues, need not concern us. If ABC is known 
to be the cause of abc, and BC the cause of bc, then A must be the cause of a, even 
though A can not be produced without BC nor thus a without 5c.) 

Mill's fourth procedure is the Method of Concomitant Variations. Nowadays we 
think of such observation as basic to all experiments and thus of Agreement and 
Difference as special cases of Concomitant Variation. Concomitant variation exists 
when there is a series of differences, and in any pair of concomitances one concomi- 
tance furnishes a comparison ot control for the other. So we could get along with 
this method alone, if it were broadly enough conceived, except for the historical fact 
that the concept of control actually grew out of the consideration of the Method of 
Difference, which Mill's prestige established as independently important. 

Mill is usually taken as the authority on this matter. Thought about these prin- 
ciples is, however, historically continuous. A century earlier Hume had a similar, less 
specific discussion, which laid down rules equivalent to the Method of Difference 
and to the Joint Method of Agreement and Difference. Still another century earlier 
Francis Bacon discussed the collection of data by the finding of instances that agree, 
and of negative instances and cases to furnish comparison.’ In these authors the 
anticipation of Mill is quite clear if one but remembers what a century or two can 
do to both thought and its expression. 

At this point it is important to remark that every statement of fact expresses some 
kind of a difference. Even such description as is not experimental, being specific and 
thus discriminative, differentiates what is from what is not. Jevons offered as the 
formula for a fact: “Where A is, X is; and where’A is not, X is not;"" and that, of 
Course, is also, a statement of agreement and difference. Jevons remarked: “Every cor- 
rect and conclusive experiment necessarily consists in the comparison of results between 
two different combinations of circumstances." It is plain then that in scientific descrip- 
tion we are not going to get away from the concept of control, although the idea 
Appears with different degrees of specificity and formality in statements of experi- 
mental design. If you have an observed datum, there is always some point or frame of 
Teference in respect of which the datum makes sense, and it might aid clarity of 
thought if one were to think always of a datum set over against a relatum. (If A, theif 
4) would be a datum, and (if not-A, then not-a) would be the relatum and the 
Control observation, which might indeed depend upon a control-experiment to establish 
it. Again and again when agreement seems to yield certainty, it is because the control- 
observation is implied or even included in the experiment. i 

Now let us examine some instances of the use of the concept of control and of the 
Word control in the scientific literature of the last one hundred years. 


* Davi v» 
David Hume, A Treatise on Human Nature, 1739, Bk. T, pt. iii, sect. 15. 
i Francis Bacon, Norah Orne 1620, Bk. II, Aph. 11-13, which deal respec- 
ively with the three. principles. ; k e 
3 W. S. Jevons, Principles of Science, 1st ed., 187%, II, 44; or 2nd ed., 1883x433: 
Jevons, op. cit, 1874, II, 43; or 1883, 433. 
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Control as restraint or guidance. The meaning of control as restraint or 
guidance is the common, though later, meaning of the term, and in science 
it applies to keeping experimental conditions constant and also to alter- 
ing the independent variable in accordance with precise known prede- 
termination. We do not need to hunt out instances of the scientific aspira- 
tion to keep conditions constant, to maintain controlled conditions or to 
vary a parameter under controlled conditions, In these contexts control, 
constancy and precision are of the essence of experimental science. Thus 
Titchener, in describing the nature of experiment, emphasized the neces- 
sity for repetition, isolation, and variation in the interests of good ob- 
servation, constancy of conditions and exact variation, although he did 
not use the word control.1° In similar sense Murphy and Murphy have 
spoken of the "relatively uncontrolled observational and biographical 
studies” of children and the later “new experimental and highly controlled 
observation studies worked out" after 1915.3! We can also go back to 
Fechner who sought constancy of conditions by control of experimental 
procedures and the treatment of data: “The arrangement of experimental 
conditions," he wrote, “the recording of observed values, the enumeration 
of errors or of right and wrong cases, as well as all the calculations based 
upon them, must be so arranged and controlled (controliren) by repetition 
and otherwise that, as far as possible, errors are avoided by the multiplica- 
tion of data, by calculation when error is otherwise unavoidable, and by 
observing an immutable integrity in the recording and conversion of 
data,"12 

Control of the experimental independent variable, moreover, implies 
guidance as well as the maintenance of constancy, but the same admonitions 


“and aspirations apply to this kind of control as to the control of conditions 


fixed throughout a particular experiment. 


Control enters into psychic research with two different meanings. Holding hands 
sand touching feet with each of your neighbors in the spiritistic circle may be thought 
to promote psychic continuity, but the practice also acts as a control against Fraud. 
There is also, however, the spirit control, who or which guides and directs the 


? E, B, Titchener, A Text-Book of Psychology, 1910, 20; A Beginner's Psychology, 
1915, 22-25. The only use of the word control that I can find in these books is in 
Text-Book, 22, where Titchener remarks that “experimental control is still possible 
even when introspection interferes with consciousness. 

" Gardner Murphy and L. B. Murphy, Experimental Social Psychology, 1951, 
201 f., with examples of systematic arrangements for the recording of exact behavior 
and the maintenance of constancy of conditions on pp. 214-227. 

2G. T. Fechner, Elemente der Psychophysik, I, 1860, 85; and there is another 
example of the use of the worSsfarther down on the same page: “die Wiederholung 
oder sqnstige Controle an sich là*gweiliger Operationen.” 
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medium. This use of the term seems to have come in late, for Podmore makes no 
mention of it in 1902 in his excellent and thorough two-volume history of spiritual- 
ism. Nor did the New English Dictionary give this meaning in 1893, although the 
Standard Dictionary by 1913 was saying for one meaning of control: “The intelli- 
gence (whatever its nature) which regulates the communication of messages through 
a medium or psychic.” 


Control observations, series, and experiments. We come back to the 
special use of the word control in its original meaning as a check or 
standard of comparison, a relatum. If separate observations have controls 
interspersed (e.g. single points introduced among the double points which 
are used in determining the two-point limen upon the skin), then we have 
what may be called control observations. When the controls are or- 
ganized into series, then we have a control series with which the experi- 
mental series is compared, as in various memory experiments. If the 
dissociation of the terms for comparison is greater and the organization of 
each more elaborate, then we begin to speak of the principal experiment 
and the control experiment. The term control experiment, as a standard 
of comparison, has now got into most of the dictionaries. Its synonym is 
test experiment. Logically there is, however, no difference between one 
kind of relatum and another except in degree of organization and formal 
independence. The basic conception, of course, appears early in experi- 
mentation, whereas the use of the word control comes later. 


The concept of control is pretty old and was quite obvious once the Renaissance 
had turned men's thought from theological fiat to experiment as the means for pene- 
trating into nature's secrets. Here is a story that makes the whole matter clear. 

In 1648 the Torricellian vacuum was known to physics in general and to Pascal 
in particular, This is the vacuum formed at the upper closed end of a tube which has 
fitst been filled with mercury and then inverted with its lower open end in a dish of 
mercury, The column of mercury falls in the tube until it is about 30 in. high and 
remains there, leaving a vacuum above it. Pascal was of the opinion that the column 
is supported by the weight of the air that presses upon the mercury in the dish (he 
Was tight; the Torricellian tube is a barometer) and that the column should be 
Shorter at higher altitudes where the weight of the atmosphere would be less. So 
he asked his brother-in-law, Perier, who was at Clermont, to perform for him the 
obvious experiment at the Puy-de-Déme, a mountain in the neighborhood about 
3000 ft. ("500 fathoms”) high as measured from the Convent at the bottom to the 
™ountain’s top. On Saturday, September 19th, 1648, Perier, with three friends of 
the Clermont clergy and three laymen, two Torricellian tubes, two dishes and plenty 
Of mercury, set out for the Puy-de-Dôme. At the foot they stopped at the Convent, 
Set up both tubes, found the height of the column in each to be 26 old French 


inches plus 31% Paris lines (28,04 modern inches), left one tube set up at the 
Pi a ae d 


” Frank Podmore, Modern Spiritualism, Histor. ind Criticism, 2 vols., 1992. 
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Convent with Father Chastin to watch it so as to see whether it changed during the 
day, disassembled the other tube and carried it to the top of the mountain, 3000 ft. 
above the Convent and 4800 ft. above sea-level. There they set it up again and 
found to their excited pleasure that the height of the mercury column was only 23 
French inches and 2 Paris lines (24.71 in.), much less than it was down below just 
as Pascal had hoped it would be. To make sure they took measurements in five 
places at the top, on one side and the other of the mountain top, inside a shelter and 
outside, but the column heights were all the same. Then they came down, stopping on 
the way to take a measurement at an intermediate altitude, where the mercury column 
proved to be of intermediate height (26.65 in.). Back at the Convent, Father Chastin 
said that the other tube had.not varied during the day, and then, setting up their 
second tube, the climbers found that it too again measured 26 in. 3/2 lines. These 
are reasonable determinations for these altitudes, showing about the usual one inch 
of change in the mercury column for every 1000 ft. of change in altitude." 

In this experiment there was no elaborate design, and it took place 195 years too 
soon for the experimenters to have read John Stuart Mill's Logic, but the principle 
of control and of the Method of Difference is there, How important it was for them 
to have left a barometer at the base of the Puy-de-Déme to make sure that changes in 
the tube that they carried up the mountain were due to elevation and not to general 
atmospheric changes or to other unknown circumstances! How wise of the party at 
the top to have made the measurement under as many different conditions as they 
could think of with altitude constant! How intelligent of them to take a reading on 
the way down and thus to turn the Method of Difference into the Method of Con- 
comitant Variation! 

When Jevons was writing his section on “Blind or Test Experiments," he missed 
this paradigm from Pascal (1648) but gave one from Faraday (1848) and another 
from Tyndall (1863). Neither of these examples is in any formal sense a blind 
experiment or, as we should say today, a control experiment. They are simply ex- 
amples of the basic principle that a fact is a relationship and that you are not ready 
to make a scientific statement until you have a comparison to present. Thus Faraday, 
in the research cited by Jevons as including blind experiments, was really trying out 
what he called magnecrystallic action on a variety of different substances, finding 
that certain rules of magnetic orientation hold for crystals of bismuth and similar 
metals and that there is no magnetic action of this kind at all for the crystals of 
certain other metals, of which lead is one example. Faraday was engaged in what 


D 


* Blaise Pascal, The Physical Treatises of Pascal: the Equilibrium of Liquids and 
the Weight of the Mass of the Air, trans. 1937, 103-108, which is mostly Periet's 
letter to Pascal about the experiment, For short accounts, see I. B, Cohen, Science, 
Servant of Man, 1948, 71 f.; J. B. Conant, Science and Common Sense, 1951, 72-74. 
Cohen says that Perier noted the continuous drop in the height of the column as he 
came down; if three points make a continuity, he did. Conant says that Pascal was at 
the foot of the mountain watching the control barometer, but that was Father Chastin. 
Pascal was waiting in Paris to hear what happened. 

?5 Jevons, op. cit. (note 8), 1 ed., 1874, II, 43-45, is the section called "Blind of 
test experiments," in the chapter on "Experiment"; but the mention of Faraday's and 
Tyndall's experiments does not appear until 2 ed., 1883, 433 f. ; 

? Michael Faraday, Experimsegal Researches in Electricity, 1855, III, Series xxii, 
83-136, The experiments on maj* stallic action were performed in 1848. 
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might be called the experimental taxonomy of metallic behavior, and, now that his 
results are available to us, we can separate them into data and relata, into experi- 
ments and controls, though Faraday did not see his problem thus. Tyndall, in the 
place cited by Jevons, was describing an experiment in which 19 Ib. of water were 
brought from room temperature to a boil in 21 hr. by the constant rotation of a 
steel cylinder fitting tightly inside another steel cylinder and kept by a horse in rota- 
tion while immersed in the water—a demonstration that mechanical power can be 
turned into heat by friction." Presumably Jevons believed that the control here was 
the initial condition of the water at room temperature, but actually this experiment 
was an example of the Method of Concomitant Variation, for the temperature of the 
water was taken from time to time and found steadily to rise as equine energy was 
continuously converted into heat. 


In 1870 a new kind of control observation appeared in psychological 
experimentation, the Vexirversuch that Vierordt—and later Riecker in 
1874—used in their determinations of the cutaneous two-point thresh- 
old. 


If you keep putting two points simultaneously down upon the skin with varying 
separations between them and keep track of the number of times each separation is 
perceived as a single impression and the number of times it is perceived double, 
then, if your chosen separations are proper, you can compute the separation at which 
à two would be felt as often as a one, That is the threshold. The observer, well trained 
to give phenomenal reports, can participate in this experiment quite successfully, but 
the naive observer is apt to make what Titchener called the stimulus-error, to report 
two often or always because he knows or guesses that the stimulator often or always 
puts two points to the skin. So Vierordt and then Riecker introduced single stimuli 
as checks upon the observer, calling them Vexirversuche or puzzle trials—actually 
control observations. Riecker worked with the method of coristant stimuli which was 
still called then, after Fechner's original title, “the method of right and wrong cases." 
It is ‘right’ to call two points two and one point one, and ‘wrong’ to call two points 
one and one point two, Actually the observers often did call one point wo for there 
is a special physiological disposition for getting a two-fold impression out of a 
Unitary stimulus, and these errors with the Vexirversuche were called Vexirfebler 
(paradoxial errors). 

Later McDougall formally introduced the requirement that there should be as 
many'single stimuli as double and that the threshold should be 80% right for both 


von Beweglichkeit der Körperteile, Zsch. Biol, 6, 1870, 53-72; Adolph Riecker, 


ment, the Vexirversuche and the Vexirfebler, see Victor Henri, Ueber die Raum- 
wahrnehmungen des Tastsinnes, 1898, 58-89, esp. 61-66. On the nature ob Veet 
ebler, which are no more "errors" than is any compulsive illusion, see Margaret 
Kincaid, An analysis of the psychometric function for the two-point limen x. 
to the paradoxical error, this JOURNAL, 29, 1918, 227-232; Harry Helson d j 
Burgert, Prediction and control of judgments from Actual single-poing stimulation, 
ibid., 48, 1936, 609-616. ne 
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kinds of stimuli taken together.” That was good functionalism at the time and 
nowadays good modern behaviorism: you see how adequate the subject is to 
environment (stimulus-world) when without further knowledge he relies for 
formation upon the sensitivity of his receptor apparatus, but Titchener still tho 

that a trained observer should be able to judge sensory impression accurately in its - 
own right, whatever he suspected of the stimulus.” McDougall stuck by his guns” 
even for educated subjects, and Henry Head and his associates used McDougall's 
method in the experiments which set up the distinction between protopathic a f 
epicritic sensibility." It is only recently that the Vexirversuche have come to be 
regarded as control observations, and indeed they are somewhat special for they func- 


of the stimulus-object.* 


It was along in the 1870s that the word control began to be used in the 
sense of a check or a standard of comparison in respect of which a differ- 
ence is expected to lie. 


In 1874, in the first edition of his famous Physiologische Psychologie, Wundt said 
that the fall-apparatus, used then to calibrate the Hipp chronoscope, is a control. 
Later the fall-apparatus changed its form and became and was called a control ham: 
mer. Proper procedure is to run a series in which the times of the successive falls 
of the control hammer are measured by the Hipp chronoscope, and that series, which 
Wundt actually called a Kontrollversuch, gives you the variable error of the chron 
scope and, if you have measured the true time of fall on the chronograph, the constant 
error too.” 

Thus Wundt was ready enough to control a piece of apparatus with an objecti! 
check, but the only control he admitted as valid for the human observes was rigor 
training in psychological observation. For psychological experimentation he regis 
objection to Kontrollversuche, Priifungsversuche, Probeversuche and Vexirversuche, 


? William McDougall, Cutaneous sensation, Reports of the Cambridge Anth 
pological Expedition to Torres Straits, 1903, II, pt. ii, 189-195. 

^ Titchener, On ethnological tests of sensation and perception, with special refi 
ence to tests of color vision and tactile discrimination in the reports of the Camb: 
“Anthropological Expedition to Torres Straits, Proc. Amer. Philos, Soc, 55,: 191 
204-236, esp, 206-215. 

* Henry Head, Studies in Neurology, 1920, I, 26-29. The original experiment 
Head, W. H. R. Rivers and James Sherren, The afferent nervous system from a 
aspect, Brain, 28, 1905, 99-115 (reprinted in of. cit., 1920, 55-65); Head and Rivers, 
A human experiment in nerve division, Brain, 31, 1908, 323-450 (reprinted in 0 
cit, 1920, 225-329). s 

? Cf. E. G. Boring, The stimulus-error, this JOURNAL, 32, 1921, 449-471, whi 
paradon al interprets Titchener's conception of the psychological point of v 
Ed 

? Wilhelm Wundt, Grundziige der physiologischen Psychologie, 1st ed., 18 
772; n ed., III, 1911, 367. See also Titchener, Experimental Psychology, M, 1905; 

t. ii, 340-344. "s 
i rit 4p, cit, 6th ed., 1144911, 399. 
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Also in the 1870s this meaning of the word control entered biology by way of 
Darwin. In 1875 he reported on Utricularia, plants that float on foul water and that 
carry tiny bladders with valves that trap the insects and organic matter that get 
within the orifices of the bladders. It is a study in the taxonomy of plant behavior. 
After observing the reaction of the bladders to their normal food, “four bladders 
were tried as a control experiment,” Darwin wrote. He fed them gum atabic and 
also sugar, neither of which produced the normal feeding reaction, whereas nitrate 
of ammonia did.” Later Darwin is found describing the movement of plants in 
response to irritants. He performed experiments with the radicles of peas, attaching 
to them as irritants bits of cardboard "which served as standards of comparison or 
controls." In 1890 there was an article in Nature on the immunization of mice 
against tetanus. Immunized mice were inoculated with tetanus and failed to show its 
symptoms, but “control mice [not immunized] died within 48 hours." When a 
word can be used thus casually, it may be assumed to have become established in the 
language—in this case in the vocabulary of biology. 


As experimental psychology developed, the design of its experiments be- 
came more rigorous and elaborate. Speaking approximately, we may say 
that formal design first developed in psychophysics, then in the reaction 
experiments, then in the experiments on memory. 

In 1900 we find Müller and Pilzecker in their classical study of right associates 
using comparison series (Vergleichreihen) as controls (but not so named) for the 
principal series (Hauptreihen). They also introduced fore-series (Vorreiben) and 
after-series (Nacbreiben) and thus in a way they anticipated some of the design 
that Thorndike and Woodworth employed shortly after for their study of transfer. 
You even find in Müller and Pilzecker Hauprvorreiben, Vergleichvorreihen, Haupt- 
nachreiben and Vergleichnachreihen, but the Vergleichreiben are control series used 


on the same observers, The control groups come later.” 
° 


There can be no doubt that use of control observation, either implicit 
or explicit, is essential in sound experimental work. There has to be a 
relatum to give the datum significance. More definitely designed control 
series and control experiments have at the present time come into common 
use, even when control groups are not called for. Such controls go by a 
vatiety of names. For instance, in medical research one sometimes séts 
nowadays mention of the use of placebo (a dose that pleases the patient 
but has no pharmacological effect; placere, to please) introduced as a 
Control in comparison observations or in control series.?? 


? Charles Darwin, Insectivorous Plants, 1875, chap. xvii, esp. 413. 
..." Charles Darwin esci Darwin, Power of Movement in Plants, 1881, chap. 
iL, esp. 160-163. F 
E. H. Hankin, A cure for tetanus and diphtheria, Nature, 43, 1890, 121-123. 
*G. E. Müller and Alfons Pilzecker, Experimentelle Beitráge zur Lehre vom 
Gediichtniss, Zsch. Psychol., Ergbd. 1, 1900. AM " am 
Stewart Wolf, Effects of suggestion and cop/sitioning on the action of. chemical 
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When there is no acceptable hypothesis as to the independent variable 
in an experiment, it may be impossible to have a control, which may become 
available only when a good hypothesis comes along. Thus, in the experi- 
ments on extrasensory perception (ESP), control is very difficult. Control 
by restraint and guidance is common enough for every effort is made to 
keep conditions constant and to prevent fortuitous leakage of information 
to the percipient, but control as a check requires a knowledge of what is 
to be omitted if the Method of Difference is to be used. The reading of 
cards in an invisible pack is supposed to have been extrasensory when the 
reading deviates from ‘chance’ by an amount that can be accepted under 
current statistical conventions with a high level of confidence. But what is 
‘chance’? Good statisticians nowadays do not accept, as they did thirty years 
ago, the principle of insufficient reason as meaning the a priori presumption 
that wholly unconstrained coincidence will give correct guesses in only 20% 
of the cases when there are equal numbers of five kinds of cards in the pack, 
In this case there needs to be a control experiment, one that would show 
empirically what the ‘purely chance’ frequencies are, Usually the parapsy- 
chologists attempt such controls, but the ideal is to have the same subject 
guess the same pack of cards both with and without ESP. How do you 
turn off ESP in a subject and turn it on again and know what it is you have 
done? It is not impossible that some of the heated argument about ESP 
would disappear of there could be a clearer understanding of what a con- 
trol is and when one is being used.%° 

Control groups and the measurement of the differences between groups. 
There is an advantage in using an entirely different set of subjects in the 
control experiment from those employed in the principal experiment. 


agents in human subjects—the pharmacology of placebos, J. Clin. Investigation, 29 
1950, 100-109; F. K. Abbot, Marian Mack and Stewart Wolf, The action of banthine 
on the stomach and duodenum of man with observations on the effects of placebos, 
Gastroenterology, 20, 1952, 249-261; J. D. Hardy, H. G. Wolff and Helen Goodell, 


would average out to 1/5 correct matchings. For a given cali pattern the decks could 
be rigged to give any desired frequency of correctness. A control experiment might 


ability model to fit an empirical. tion, see Boring, Statisti i dy- 
namic equilibria, Psychol. Rev., 48 1941, 279-301. os ahaa 


1 
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When the same subjects are used in both experiments, you can not be sure 

_ that the one experiment, whichever is performed first, has not affected the 
other, and especially is that danger great in experiments upon learning 
where it is expected that initial events will affect later ones, since that 
consequence is exactly what learning is. It is no wonder then that the first 
use of control groups in psychological investigation came about in experi- 
ments on the transfer of training, nor that the control group is now so 
prevalent in the design of psychological investigations, since learning is at 
present so frequent a topic of research and rats, cheap and plentiful, are 
the chief class of subjects. 

There is, however, also a disadvantage that comes with the use of the independent 
control group. The use of separate subjects makes sure that there is no spurious 
cross-effect between the principal experiment and the control, for Peter's memories 
do not reflect Paul's learnings when there has been no social contact between the 
two. Thus you are safe in respect of the parameter under investigation; but what, 
one may ask, about other parameters? How do you know that your control group is 
the equivalent of your principal group in every relevant attribute except in respect 
of the independent variable, for which a difference is intended and assured? You 
have to have equivalent groups. You may match them individual for individual in 
respect of what seem to be their most important determinable and presumably rele- 
vant characteristics. You may make both groups very large, hoping that the law of 
large numbers will change your ignorance into assurance of equivalence. You can 
match litter-mates in body-weight if your subjects are animals, and you can advertise 
for twins when your subjects are human. Still your subjects in the two groups will 
not be identical, and you must on that account accept a Joss in confidence to set over 
against the gain that led you to resort to control groups in the first place. There lies 
here a principle of complementarity from which you can not escape." 


Since Solomon has already traced the early history of the introduction 
of the control group into experimental psychology, there is no need for us 
to repeat his comments, and we may rest content with recapitulating his 
important points.92 


? T. G. Andrews, Methods of Psychology, 1948, 10-15, distinguishes five methods 
of control: (1) the control re which po ly the Method of Difference; (2) the 
control group as described above; (3) rA] pairs, in which equivalence of control 
groups is assured by matching every individual in the experimental group to one id 
the control group in respect of all conceivably relevant parameters except the crucial 
one under investigation; (4) the practice method, in which learning is made SS 
mal before the experiment so that further improvement in the fore-test is ney a 
able; and (5) the rotation method where the orders of tests are counterbalanced, for 


in the order CAB, and for a third in the order BCA. When these orders are combined, 
it is hoped that practice effects due to priority will cancel out, but, of course, UE 
can not be sure. Counterbalancing is not constancy, and the principle of comple- 
mentariness applies here too. Similarly the method of practice gives up the attempt 
to study effects of early practice. e 


Solomon, op. cit, (note 1): j E Mes AU 
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The earliest example of a control group mentioned in the present paper is tl 
control mice who died of tetanus because they were not immunized, but that is n 
a psychological investigation." Solomon makes much of the fact that Thorndike ai 
Woodworth were the first to see the need for a control group in the study of 
transfer of training, but they did not fully appreciate its importance, for what 
describe is only an incidental control experiment, to which they give eight lines | 
description in a paper of 1400 lines. The classical experiments on transfer withoi 
a control group are open to the criticism that you can not tell how much practice | 
skill A affects skill B unless you have tested B before the practice, and then 
initial testing of B may itself have acted as practice on B to vitiate the results. You 
can measure this special practice effect of the initial testing on a control group, ho 
ever, and then accept as significant the difference between the groups. Examples 
well known investigations of transfer without contro] groups are Volkman's 
bilateral transfer long ago in 1858," and much later Swift's” and Ebert and 
mann's." Dearborn criticized these papers, showing that improvement in the afte 
test was due largely to learning in the fore-test and not, as had been supposed, 
the intervening practice on the alternative task. The first investigation to use 
full design of (fore-test—practice—after-test) in the experimental group, to | 
compared with (fore-test—>nothing—after-test) in the control group was Winch 
1908, and the general use of control groups in these experiments begins then. 
Sleight used a control group (not so named) in 1911.” Later Ewert's study of 
lateral transfer is representative of good work,” and Bray gives a good histori 
account of experimental design in bilateral transfer." Woodworth’s 1938 summ 
of the requirements in studying transfer is well known.* 

As we have already remarked it is hard to establish causal relations in the study 
of history, for we have there only the Method of Agreement and no controls. Never: 
theless historical agreements are interesting. Even if they do not show that os 
event is cause and another effect, they tend often to support the Zeitgeist concepti 
of progress by showing that related conceptions are apt to emerge at about the same 
time. Thus we may note as a pertinent example of historical simultareity that 


? Hankin, op. cit. (note 27). 

™ Thorndike and Woodworth, op. cit. (note 2). 

= A, W. Volkman, Ueber den Einfluss der Uebung auf das Erkennen rüuml 
Distanzen, Ber. sächs. Akad. Wiss. Leipzig, math. phys. Cl., 10, 1858, 38-69. ; 

* E. J. Swift, Studies in the psychology and physiology of learning, this JOURNAL, 
14, 1903, 201-251. 8 

* Ernst Ebert and Ernst Meumann, Ueber einige Grundfragen der Psychologié der 
Uebungsphünomene im Bereiche des Gedáchtnisses, Arch. ges. Psychol., 4, 1904, 
1-232. 

*W. F. Dearborn, The general effects of spaced practice on memory, Psychol. 
Bull., 6, 1909, 44. 

© W. H. Winch, The transfer of improvement of memory in school-children, Bri 
J. Psychol., 2, 1908, 284-293. 

“W. G, Sleight, Memory and formal training, ibid., 4, 1911, 386-451. 

“P. H. Ewert, Bilateral transfer in mirror-drawing, Ped. Sem. (and J. Gemel. 
Psychol.), 33, 1926, 235-249. 5 E 

* C, W. Bray, Transfer of learning, J. exper. Psychol., 11, 1928, 443-467, esp. 443- 
446 for historical account. — 

“R. S. Woodworth, Experimental Psychology, 1938, 178-181. In the new edi 
see the long chapter on transfer, dworth and Harold Schlosberg, idem, rev. 
1954, 733-778, esp. 735-738. 
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use of group controls requires the comparison of two groups and that the statistical 
techniques for measuring the significance of group differences were being invented 
or discovered just about the time group controls came into general use. The year 
1908 saw an early important paper in both lines of development— Winch's experi- 
ment with group controls and "Student's" paper on the significance of differences. 

The history of the measurement of differences between groups runs approximately 
like this. The mathematicians—LaPlace, Gauss, Bertrand, Poincaré—and the early 
statisticians—Quetelet and Galton—all had the formulas for the probable error or 
standard error of a mean and for the variability of the difference between two such 
means. They sometimes wrote the ratio of the difference to its variability, which was 
much later called the critical ratio.“ In England in the last quarter of the nineteenth 
century there was great interest in the study of quantitative relations between 
groups, but concern centered on regression and correlation and not on differences. 
Galton's best known paper on regression appeared in 1886 and his paper on co- 
relation in 1888, whereas Pearson first described product-moment correlation in 1896. 
Then in 1900 Pearson published what was to become a basic paper in the measure- 
ments of group differences. He called it: "On the criterion that a given system of 
deviations from a probable case of a correlated system of variables is such that it can 
be reasonably supposed to have arisen from random sampling." Pearson gave here a 
chi-square table and prepared the way for what came later, His problem was really 
the one that R. A. Fisher took over much later: How significant is the deviation of 
a mean from the null,hypothesis? The crucial though not the first paper was, how- 
ever, the one in 1908 by the modest "Student," who only much later came to be 
identified as W. S. Gosset. It dealt with the probable errors of means and of the 
differences of means and gave the famous /-tables for assessing the significance of 
differences. Pearson published again on this matter in 1911," and the practical 
measurement of differences and the assessment of their significance was well under 
way. It is interesting to note that in those days—the decade of the 1910s—Pearson 
used six-place tables and a difference was regarded as ‘certain’ only if the probability 
of its being in the direction found was 1.000000, that is to say, somewhat greater 
than 0.999999 or less than one chance in a million of being wrong. It was not until 
the 1920s that the three-place tables came to be accepted for this purpose and that 
McGaughy, in 1924, could assert that it was safe to accept differences when the 
critical ratio is only 3 or greater." Of course, nowadays we all follow R. A. Fisher 
Who in the 1930s introduced the concepts of degrees of freedom, the null hypothesis, 
fiducial limits and levels of confidence.” 


M CST : ist hod, 1929, 55 £., 1995 
H. M. Walker, Studies in the History of Statistical Method, 1929, 
Victor Henri, Le calcul des probabilités en psychologie, L'Année psychol 2, Td 
466-500 (passim). The statement in the text 1s too general, but it serves to set the 
Stage for the late 1890s. iati 
Karl Pearson, On the criterion that a given system of deviations from a probable 


case of a correlated system of variables is such that it can be reasonably supposed to 
have arisen from random sampling, Philos, Mag, 350, Cea) aE ika, 6, 1908, 
“Student” [W. S. Gosset}, The probable error of a mean, Biometrika, 6, ^ 
1-25. 
“ Pearson, On the probability that two indepen 
teally samples from the same p ulation, ibid., 8, 1910s M 24, 9, 31 
* J. R. McGaughy, Fiscal Administration of City School Systems, 19 BRA Y^ 
R.A. Fisher, Design of Experiments, 1st €d.,1935, chap. 10 et passim, so 


later eds., 1937, 1942, 1947. be 
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That is a rough sketch of what was going on at this time in respect of 
the measurement of differences between groups. That the problem was in 
the air and that the times were right for its advancement is further indi- 
cated by the fact that Victor Henri in Paris in 1898 published a paper on the 
probability of differences, referring to a table of probabilities for critical 
ratios which he had already printed in his earlier and more fundamental 
paper of 1895.5 This 1898 paper of Henri’s anticipated Pearson’s similar 
one by two years but it received almost no attention, for the main movement 
was going on in London and in English, and Henri's voice was little more 
than a murmur in remote Paris. Besides in France there was no one to 
push this sort of investigation, whereas London after a bit had the new 
Galton Laboratory. Nineteen years afterward an American psychologist 
did discover Henri's paper. He commented on it, corrected it, explained it, 
and invented the phrase “probable correctness of a difference,” but his 
paper too was peripheral to the main stream and perhaps no onc but he, 
his wife and the editor ever read it." Still these eddies at the side show 
how the main stream is flowing, out in the center of history. That is the 
way the Zeitgeist works. 

Now we ask: Did the use of group controls wait upon the development 

of the statistical methods for measuring differences between groups? 
That is a hard question to answer, for, as is usual in historical questions, 
we have only Agreement for evidence and no control observation. Winch 
with his good design for group control in 1908 used none of the new 
statistics. He compared individuals in the groups case by case and drew his 
conclusions. Besides Gosset did not even publish his paper until 1908 and 
it took time and help from the Galton Laboratory before psychologists 
found out how to use it. It seems instead that the initial relation between 
the two developments was coórdinate, not causal. Nowadays, however, 
when scientific assurance can be had for only a 5-% chance of being wrong 
and truth exists at the 1-% fiducial level, half the experimental papers can 
use group controls and many of them use the new statistics. Even though 
neither development caused the other, there has certainly been a circular 
positive feed-back between the two technics, one that helps to keep them 
both in use. h 


Prevalence of control, explicit and implicit im scientific activity. We 


Henri, Quelques applications du calcul des probablités à la psychologie, L'Année 
bsychol., 5, 1898, 153-160. For Henri's 1895 paper, see note 44. 1 
Boring, On the computation of the probable correctness of differences, this 
JouRNAL, 28, 1917, 454-459. 1 
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- shall say little here of control. in the sense of restraint or guidance. Of 
"course, experimental conditions must be kept constant. Every experiment 
has an independent variable and preferably only one, though an ex- 
| perimental design may involve many experiments with different inde- 
| pendent variables. The independent variable must be constrained to vary in 
a predetermined way, and all other possible variables must be kept con- 
stant. The following paragraphs, however, consider control only as a 
© check and as it is related to the Method of Difference. 
At first it seemed worth while to find out how much psychologists are 
thinking about controls in their experimental work, so I took one of the 
1951 volumes of the Journal of Experimental Psychology (vol. 41) to 
assess the situation (Table I, columns 4 and 7). I was astonished to find 
that 52% of the 58 experimental articles in this volume used control 
"groups, so I analysed the contents of the 1916 and 1933 volumes of the 


] 


TABLE I 


Frequenctes or Expertmentat ARTICLES IN Wnicn Cuter Facts Derenn on Use or 
Conrrots or or Onservep Dirrerences IN THREE VoLUMEs or THE JOURNAL OF 
EXPERIMENTAL PSYCHOLOGY 


Frequencies Percentages 


Vol. ı Vol.16 Vol. 41 Vol: Vol. 16 Vol. 41 
19016 . 1933 1951 1916 -1933 1951 


(1) Control groups; group differ- 


ences o 6 30 o Xr Le 
(2) Control series; control observa- 
tions; observed differences 4 18 16 17 M 27 
(3) Concomitant variation 15 18 Us 6a M 2 
(4) Factual description 5 1 1 at 21 2 
Total 24 53 58 100 100 100 


same journal, No control groups were used in 1916, only 11% in 1933. 
I also checked on the first volume of the American Journal of Psychology 
(1887) and, to get something simple before experimental psychology 
existed, volume 73 of Gilbert's Annalen der Physik (1823), which most 
Psychologists know in later years as Poggendorf's Annalen. There were 
no group controls in them. That is, of course, as expected. 

Next I counted experimental articles which had in them explicit refer- 


with establishing a difference between two conditions (not individual 
differences). It is impossible to distinguish these two kinds of differences 
between compared conditions—as to whether one condition provides a 
‘Second datum (case of two principal sets of observations) «or merely a 


« 


ence to control series or control observations or which were concerned 


we 
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relatum (case of principal observation and control observation). Line 2 of 
the Table shows these frequencies. When three or more conditions are 
compared, you come to the various experimental patterns which may be 
called concomitant variation, some of them quite complicated. See line 3 
of the Table. About three-fourths of the experimental articles in the 1887 
American Journal and half the experimental articles in the 1823 Annalen 
were of these two kinds: studies of a pair of concomitant differences or 
of more involved concomitant variations. 

There are also the experimental articles which provide factual descrip- 
tions like determinations of the predominant frequencies of vowel sounds, 
or the spectral specification of the stimulus to white, or the examination of 
the sensitivity of the blind spot, or the establishment of the cues to the 
perception of moisture (line 4 of the Table). These descriptions consti- 
tute a kind of experimental taxonomy and are characteristic of the early 
stages of the development of an experimental field. Nearly half of the 
experimental articles in the 1823 Annalen are of this sort, a fifth of the 
articles in the 1916 and 1933 Journal of Experimental Psychology, but 
only one article out of 58 in 1951. What has been happening in experi- 
mental psychology is that psychologists, perhaps especially under the stimu- 
lus of R. A. Fisher, have been becoming more conscious of experimental 
design. Thus they are aware of the relata, and either they investigate differ- 
ences between phenomena or they introduce experimental control observa- 
tions, making the comparison of events explicit and measuring the signifi- 
cance of the difference between them. 

In making these counts I have ignored non-experimental articles—factual 
discussion, theoretical discussion, polemics, and papers describing appa- 
ratus, techniques and methods. In the volumes examined these kinds of 
articles are more common in the earlier years and that seems proper in 
view of what we know about the history of sciences, although particular 
editorial policy also has something to do with these frequencies. 

"The prevalence of group controls in recent psychological experimenta- 
tion is undoubtedly due in part to the greater availability of subjects. In 


Germany and America in the 1890s the students worked with each other - 


and even with the professor as observers. Such studies remain important 
but are supplemented nowadays by researches which utilize large num- 
bers of rats and school-children, subjects which, besides being inexpensive 
and plentiful, make the sample examined more representative of larger 
populations and less dependent upon possible idiosyncrasies. 
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SUMMARY 


Control in the sense of restraint has always been used in experimenta- 
tion to keep conditions constant and is thus an essential part of the ex- 
perimental method. 

Control in the sense of guidance is involved in causing an independent 
variable to vary in a specified and known manner and is thus also essential 
in experimentation. 

Control in the sense of a check or comparison, the original meaning of 
the word, appears in all experimentation because a discoverable fact is a 
difference or a relation, and a discovered datum has significance only as it 
is related to a frame of reference, to a relatum. 

The methodological status of control as a check or comparison is to 
be understood by reference to J. S. Mill's Method of Difference. 

Control or the frame of reference is often only implicit, as it is in 
factual description. 

The control observation is often only implicit, but the control series or 
the control experiment is generally explicit, being taken into consideration 
in the design of an experimental investigation. 

The explicit control experiment is not new. Pascal used it in determining 
the weight of the air in 1648. 

The experimental use of control groups is new, being found in bio- 
logical research in the late nineteenth century and in psychological re- 
Search since the early twentieth century. Its use at the present time, espe- 
cially with animal subjects and school-children, is very common. 

Although the use of the control experiment is early, the use of the 
Wotd control in the sense of a check or comparison does not seem to ap- 
pear in the scientific literature until the latter part of the nineteenth century. 
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TESTS OF MOTOR FUNCTIONS IN INVESTIGATIONS 
ON FITNESS 


By Joser BRoZEK and Henry L. TAYLOR, University of Minnesota. — 


Man's ‘fitness’ represents an integral of many functions and its comp 
hensive, quantitative description is an interdisciplinary task involvi 
somatic morphology (physical anthropology), biochemistry, physiolo 
and psychology. The study of motor functions, shared by physiology 
psychology, represents a practically important segment of investigations 
fitness and the changes in fitness under the impact of a variety of biolo; 
Stresses.? 

In the context of nutritional, climatic, pharmacological, and other str 
the investigator concerned with manipulative performance is faced fm 
the outset with a difficult choice between complex, concrete perform 
closely tied with man's occupational activities, and the use of relati 
simple, factorially ‘pure,’ abstract tests, Only rarely, principally in conn 
tion with military applications, is it feasible to use as a criterion the sco 
obtained in ‘field performance, such as firing a rifle. Miniature v 
situations constitute an attractive and promising research-tool, dese 
greater attention in the study of deterioration of fitness under stress 
has been paid to them. They represent a workable compromise between ! 
realism of industrial and military field-studies, and the controlled, s 
tematic, componental laboratory research.! One distinct advantag 
miniature work-situations is that the performance can be continued o 
period of hours and thus the test can serve as a measure of endurance; 
usual laboratory tests of motor functions are short, rarely exceeding 5 m 
In a study on the effects of illumination, using a test reproducin, 
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essential features of the job of inspecting objects transported on a con- 
veyor,* the performance-criteria (level of performance or work-decrement) 
were more sensitive to variations in the level of illumination than any of the 
large number of sensory or motor functions measured during or before-and- 
after a 2-hr. period of strenuous visual work.* It is likely that in other 
types of stresses the experience would be similar. Psychomotor tests of 
endurance of the analytical type, such as tapping at maximal speed, have 
little or no similarity to this aspect of performance as it is known in daily 
tasks; the test-performance involves small muscle groups and a measurable 
deterioration sets in in a matter of seconds. Practically useful endurance- 
tests have been designed to give information on the capacity to perform 
strenuous physical activity. These tasks (e.g. running on an inclined, motor- 
driven treadmill) appreciably increase the total energy output and it is the 
cardio-respiratory rather than’ neuromuscular functions which constitute 
the limit of performance, : 

While the miniature work-situations have important advantages as tools 
of research on sensorimotor functions, their construction and application 
tend to be time-consuming and costly. These work-tests are likely to take 
à good deal of laboratory-space. When the performance involves a signifi- 
cant amount of motor skill, long-continued improvement due to practice 
(versus deterioration under stress) poses difficult problems. The results are 
meaningful for the concrete situation of which the test is a replica but the 
very specificity of the task severely limits the possibilities of generalization. 
All these and other conditions led us to the choice of the componental 
study of notor performance, after a brief exploration of some synthetic 
tasks, ) 

The battery of tests described here grew out of the needs and in the 
physical framework of our Laboratory. We believe, nevertheless, that the 
information on the effects of practice, on the consistency of repeated meas- 
urements, on the inter-relationships between motor functions, and on the 
Sensitivity of the different tests and functions to stress will be of interest 
and value to others faced with similar problems. The relative deterioration 
under a variety of biological stresses constitutes the core of this paper. 


DESCRIPTION OF THE Trst-BATTERY 


The standard battery included tests measuring strength (two tests), speed (three 
tests), and eye-hand coórdination. Strength was measured by a standard hand-grip 


Re Brožek, Ernst Simonson, and Keys, À work Vos for guae study of visual 
tformance and fatigue, J. Appl. Psychol, 31, 19474519532. — j 

* Brožek, Stiboftont e Urs Changes in periormance and in ocular done 
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dynamometer of the rectangular type, and a back-pull dynamometer wil 
horizontal handle bar attached by a chain to the spring-scale mounted on a 
board. The number of chain links was adjusted to S's height. 

(a) Coórdination. In the test of the speed of coórdinated hand and arm mx 
ments,” S held a steel pipe (30.5 cm. in length and 1.5 cm. in diameter) in one 
vertically in front of himself. With the other hand he placed a steel ball at the t 
of the pipe, let it drop through and caught it at the bottom, repeating the 
formance as rapidly as possible for 1 min. A safety net was suspended under 
pipe that $ could readily pick up the ball if it were not caught. A mecha 
counter, with a level extending into the pipe, was activated by the falling ball. 
number of times the ball passed through the pipe in 60 sec. served as the sco 
The performance required fast vertical movements of the forearm, combined wi 
pronation and supination of the hand. The fingers participated in the placing a 
the catching of the ball, Visual cues became so unimportant after a short period 
practice that the task could be performed with the eyes closed. In the stand 
procedure the test was performed while S walked on a motor-driven treadmill, 
increased the element of coórdination and made the test more difficult, 

The remaining three tests were also performed on the treadmill. 

(b) Tapping. The speed of small repetitive hand-movements was measured 
2-plate tapping test, which was used rather than the one-plate form to pi 
artifacts due to tremor. The score was the number of taps in 10 sec. 

The tapping-plates and the pattern traced with a stylus were mounted on à 
board, located in front of $. When not in use, the board was raised out of 
way. The tapping plates (4 x 5 in.) were separated by a barrier (34g in. thick 
1 in. high), insulated from the tapping plates. The tapping-stylus was tipped 
steel ball 14 in. in diameter. A contact between the stylus and the plate 
registered by a Cenco counter. The duration of the test was determined pi 
by a Telechrone motor with a contact-arm moving over a surface containing th 
metal contact-plates. As the arm moved, a circuit was momentarily closed and 
‘ready’ signal (amber light) located on the left side of the tapping-plate 
turned on. Two seconds later a ‘go’ signal (green light) appeared, indicating 
S should begin tapping. S tapped for 14 sec. until the appearance of the ‘stop’ 
(red light), but the counter only recorded the taps for the middle 10 sec. 

(c) Tracing. Tracing a grooved pattern with a stylus was used to measure 
hand coérdination. Both the number of the involuntary contacts between 
stylus and the sides of the pattern, and the total duration of the contacts, record 
electrically, were used as performance scores. a 

The pattern to be traced (10 x 10 in.) was mounted at an agle of 30° i 
the horizontal. $ was trained to trace the pattern in a standard time (twice in 
sec.). The groove was ¥ in. wide and 34 in. deep. The bottom of the pattern 
consisted of a sheet of stainless steel; the sides, insulated from the bottom, 
made of silver strips. When the stylus, similar to the tapping stylus, touched 
side a contact was registered by the counter and the timer. A buzzer indicated. 
S was touching the side of the groove. A separate stylus was used in the i 


1C. H. McCloy, Tests and Measurements in Health and Physical Educat 
1942, 28-29, 
* McCloy, op. city 30. *. K 
? Brožek, A new ‘group test of Ae skill, J. Gen. Psychol., 31, 1944, 125- 
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test as the one used in tapping was flattened in the process. This would make the 
pattern tracing easier and result in ‘better’ scores simulating a continued practice 
improvement. (This is an example of artifacts against which E in longitudinal 
experiments must be constantly on guard.) 

(d) Reaction-time. The test of reaction-time involved a discriminative response to 
simple visual stimuli. $ had to bend his knees and strike the appropriate key (green, 
left key; red, right key; white, both keys simultaneously). The stimulus-lights 
were presented in random order and in an irregular time-sequence. The score was 
the average time, in 0.01 sec., of 25 reactions. 

The stimuli for the reaction-time test were provided by three lights, with the 
bulbs mounted in front of $ at a distance of about 5 ft. A blind in front of the 
lights was adjusted in height in such a way that $ could just see the lights when 
walking erect. This prevented anticipatory reactions from a stooped position. S 
reacted by depressing the proper key. The keys were mounted on each side of the 
treadmill and were adjustable to $'s height. They were made in the form of large 
paddles to minimize the element of precision in the execution of the movements. 
There was a delay of at least one-half second after the key was struck, to allow 
S to regain the upright position before the next stimulus appeared. The time for 
25 reactions was recorded automatically. 

Two checks for standardization of the recording instruments were built into the 
equipment, The timer received 40 impulses in 10 sec., each impulse lasting 0.1 
sec. The total time accumulated on the timer, when the electronic relay and the 
clutch of the timer are in good order, must give a constant value (4 sec.). The 
counter received 100 impulses in 10 sec; this rate exceeded the maximal tapping 
speed. 

For E's convenience the last three tests (tapping, pattern-tracing, reaction-time), 
were operated from a central control panel. The apparatus was so designed that a 
turn of the selector switch was all that was necessary to make all the proper con- 
nections. By pushing a single button the presentation of stimuli and recording of 
responses was set into motion. The recording instruments and the instruments for 
an automatic presentation of stimuli (in the reaction-time test) or for timing of 
the tests (in the tapping test) were made in duplicate, to prevent loss of valuable 
data due to breakdown of equipment. There were two separate control panels 
containing a timer and an impulse counter as well as the selector switch (in the 
center), a voltmeter, the start and stop push-buttons (turning on a red and green 
light on the panel), and a general switch connecting the apparatus to the source 
of alternating current. All the relays and motors were placed in two noise-proof 
cabinets, located below the control panels, to prevent $ from receiving audible 
cues. The apparatus was as complex as its operation was “simple. Simplicitye of 
operation, together with the sturdiness of construction and reliability of recording, 
was among the chief aims of the design. It made it possible for E to observe $ 
during the test and to remain in personal contact with him 


In addition to the tests described in the present paper, other procedures for the 
study of motor functions were developed." These included a toe reaction-time 
designed for research on defiiency-of the B-complex vitamins; a test of lift- 
strength for the leg; a method for the analysis of voluntary eye-movements;" and 


» 
Keys et al., op. cit., 1950, 1095. ; 
“ Brožek, iee criteria of oculomotor performance and fatigue, J. Appl. 
Physiol, 2, 1949, 247-260; Quantitative analysis of voluntary eye movements, 
Methods in Medical Research, 3, 1950, 199-207, € 
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a test of speed of non-repetitive leg and arm movements.” A measure 
sway (ataxiameter), a paper-and-pencil modification of the two-plate tapp; 
and a test of handwriting, evaluated as motor performance not as a "pi 
personality test, were also used in some of the experimental series. p. 


EFFECTS OF PRACTICE 

In long-term experiments, which require repeated measurements of ; 
acteristics of fitness susceptible to improvement with practice and in v 
the Ss frequently serve as their own controls, it is necessary to esta 
‘normal baselines’ before the start of the experimental period proper. 
formation on the rate of improvement with practice and on the time | 
sary for reaching the plateau is very important for the planning of the 
periments. 


Three sets of data were obtained. The first set, Series 1, included an e 


2 and 3, were obtained with the battery described in the present paper. In Ser 
three measurements were made on the strength tests and two on the other. 


TABLE I 


Approximate NUMBER Or Sessions Nezpep To Rrach A FAIRLY 
STABLE PLATEAU or PERFORMANCE 


Series 
Test 
1 2 3 
ip d; 1 6 

Back-pull dynamometer 2 6 p á 
Tap 5 9 . OT 
Speed hand and arm movements 1 

` (ball/pipe test) 7 1» > (nt | 
Reaction-time 10 14 13. 
Pattern-tracing, duration of contacts 14 11 ' m 
Pattern-tracing, number of contacts 14 10 18 


2a Stationary paper-and-pencil test. In Series 1 and 2 the task was performed on the 


T, Performed in groups of 6 Ss at a time and while standing, In Series 1 and 2, every S] 
measured individually on a moving treadmill. (rr adsis T 


during the practice-trials in the morning and afternoon. In Series 2 and 3 
present test-battery was given three times during the morning and afternoon se 
and the measurements were averaged, These averages are shown in Figs. 1-3 an 
referred to in Table I. TA 


* Brožek, Simonson, and Keys, A test of s of leg and arm movi 
J. Appl. Physiol., 4, 1952, 753-760. ped z Bros 

" Brožek, Harold Guetzkow, Mickelsen, and Keys, Motor performance of 1 
young men maintained on restricted intakes of vitamin B complex, J. Appl. P: 
30, 1946, 359-379. ^T } EE 
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FiG. 1. PRACTICE IMPROVEMENTS IN MOTOR PERFORMANCE 
The testing sessions were repeated at intervals of one to two days. 


We were interested more in the duration of practice necessary for reaching a 
plateau rather than in an accurate evaluation of the relative improvement in the 
different tests; for this purpose modified standard scores would have provided a 
better unit of measurement, 

For several reasons the three series are not directly comparable. There were 
differences in the scheduling of the practice sessions—but fairly wide differences in 
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Fic. 2. PRACTICE IMPROVEMENTS IN MoToR PERFORMANCE 
The testing sessions were scheduled at intervals of two to three 2n 
e 


€ 


mm 


596 BROZEK AND TAYLOR 


the distribution of practice do not seem to affect the practice gains, at | 
far as coürdination (tracing) and reaction-time are concerned. In Series 1 the | 
ing was more intensive, as noted earlier, and there were differences in equi 
‘Good’ performance on the eighteenth trial of the Series 3 was heavily stres: 
the instructions, The three series are, nevertheless, in agreement that tests of strei 
are affected least by practice; that tests involving a significant amount of cod 
tion show the longest period of practice; and that the speed of tapping is ii 


a PATTERN TRACING No Conon. 


Fic. 3. PRACTICE IMPROVEMENTS IN MOTOR PERFORMANCE 


The testing sessions were repeated at different intervals in different Ss (from 
times a day to 3 times a week, one day apart as well as irregularly). 


. 


mediary. The data indicate the general magnitude of practice-effects to be ex 
in stress experiments in which tests similar to those used in the present study 
to be applied. 


RELIABILITY 

Data on the reliability of the scores on psychomotor tests administer 
36 Ss are presented in Table II. In the back-pull dynamometer the N 
35. Each individual's score represents the average of three determinati: 
made at a testing session. The reliability coefficients were computed for 
two initial trials and the last two trials of the practice period. As one mij 
expect, there is a small but consistent increase in the reliability coefficie: 
This increased stability of the measurements should probably be considei 
as the effect of practice, although the irregularity of the retest inte 
between the initial trials (first and second) spoils a clear-cut argument. — 


“J. C. Franklin and Brožek, “The relation between distribution of practice 
learning efficiency in psychomotor pyrformance, J. Exper. Psychol., 37, 1947, 16- 


TESTS OF MOTOR FUNCTIONS 597 


The reliability of the measurements of ‘voluntary’ motor functions is fairly satis- 
factory, both on the basis of absolute criteria and in comparison with measurements 
of a variety of biochemical and physiological characteristics.* The usefulness of 
the r is, however, limited. In laboratory studies concerned with the impact of varia- 


TABLE II 


RELIABILITY COEFFICIENTS (TEST-RETEST rs) FOR PsycHoMOTOR TESTS AT THE 
START or PRACTICE AND AT OR NEAR THE PLATEAU OF PRACTICE 


The two initial trials were repeated within a week, at varying intervals for difterent 
individuals. The two terminal trials were made a week apart. 


Test At start At plateau 

Handgrip dynamometer 0.795 0.946 
Back-pull dynamometer 0.864 0.925 
Tapping (paper-and-pencil) 0.873 0.885 
Speed of hand and arm movements 

(ball-pipe test)* 0.758 0.849 
Reaction-time 0.864 0.880 
Pattern-tracing, duration of contacts 0.871 0,891 
Pattern-tracing, number of contacts 0.745 0.834 


* Performed in a standing position, not on the treadmill. 


tions of external environment, diet or activity on. performance-capacity, the num- 
ber of Ss that can be studied is usually very small, if measured by the standards of 
psychometric investigations. As a rule it is feasible to study the same group of Ss 
on several occasions during the control period rather than to measure a large number 


TABLE III. 


(COEFFICIENTS or CONSISTENCY (re) FOR MEASUREMENTS REPEATED 
AT One MONTH'S INTERVAL 
(12 Ss, 3 trials; SD*-values based on N=36) 


Corrected 
^ Test Vr Vp [^d SD: fe 

Handgrip dynamometer .09 77-15 0.94] 68.72, 0.940 
Back-pull dynamometer 3667 980.00 — 0.963 772.84f — 0.953 
Tapping (on treadmill) 6.50 37.88 0.828 
Tapping (paper-and-pencil) 5.09 19.58 0.74 29.00 0.8 
Speed of hand and arm movements 

(ball-pipe test) 6.55 38.30 0.89 349 0.809 

eaction-time 2.36 60.52 0.961 12.72 0.814 
Pattern-tracing, duration of contacts 4.0. 42.85 0.899 — 55.94 0.9236 
Pattern-tracing, number of contacts 5.91 83.55 0.929 177.09 0.967 


* n—1— (Vg/ Vyn), where Vr=random variance, and Virp variance within days (aver- 


age interindividual variance). 

N=32. 
of s on only two occasions. Under these conditions the coefficient of product-moment 
Correlation, the classical reliability statistic, is not applicable. It is the relation of 
random variance (Vx, intra-individual variance corrected for the trend of the mean 
Scotes obtained on repeated testing trials) to the inter-individual variance (Vion; 


™ Brožek, Taylor, and Keys, Variabilité et fidétité des mesures kiologiques chez 
les jeunes gens, Travail Humain, 16, 1953, 71-89. < 
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variance within days or trials), in the form of a coefficient of consistency, re, which ` 
provides a proper statistical tool for characterization of the stability of repeated 
measurements. It is applicable both to data which exhibit a practice trend and to 
data obtained after a plateau has been reached.” 

The reliability of repeated measurements is affected by a variety of factors, includ- 
ing the length of the period between the trials, and by the relative homogeneity- 
heterogeneity of the Ss included in the sample, Usually, the two trials (test-retest) 
are spaced quite closely, with an interval of one or a few days. We had an oppor- 
tunity to study the consistency of measurements of motor functions over a period of 
5 mo. with the measurements made at approximately monthly intervals, after a 
stable practice plateau had been established. The measurements served as control 
data for interposed stresses. The reliability data are presented in Table III. 

In addition to the coefficients of Consistency, fe, the variances on which the 
coefficients are based are also given. This provides the opportunity for considering 
the variability of the small sample (N = 12) as compared with a larger sample of 
individuals drawn from the same population (normal young men, taking part as 
conscientious objectors in work projects under Civilian Public Service). For most 
tests the standard deviations obtained for the larger sample are the best available 


TABLE IV 


InTERCORRELATIONS Between Moror Tests AT THE START Or Practice 
(N=35; the values of r required for significance at the 5- and 
156 levels are 0.334 and 0.430, respectively.) 


Test (a) (3) (4) (5) (6) (7) 

1) Handgrip dynamometer +708 — .345 —.100 —.144  .184  .046 

2) Back-pull dynamometer — +259  .133 © .260 .299  .025 

3) gapping (paper-and-pencil) — op «137° .264 4309) 

4) Speed of hand and arm move- 

ments (ball-pipe test) mI 6340.1) ABE 

8 Reaction-time — dq84. a 
6) Pattern-tracing, duration of - 

VP (513 


contacts 
(7) Pattern-tracing, number of 
contacts 


estimates of the scatter of the scores in the population. Interestingly enough, the 
scatter in the two samples is fairly similar in most of the tests. In the complex 
reaction-time the scatter is considerably larger in the smaller sample, due to the 
inclusion of one very slow individual, while the inter-individual variance (SD*) 
in the pattern tracing, especially in the number score, is higher in the 36-man 
sample. The last column of Table III Presents coefficients of consistency in which 
the large-sample variance was substituted for the average inter-individual variance 
(variance within days, Ven) of the smaller sample. Correction of coefficients of 
teliability to a standard scatter was recommended by Cattell" 

The correction does not change the picture dramatically, except for one or two 


tests. It may be noted that the practice-plateau values of Table II and the coefficient 


of consistency in Table III are rather similar, In a well-motivated group, practiced to 


1 Brožek and Howard Alexander, A note on the estimation of the components 
of variation in 3 two-way table, this JOURNAL, 60, 1947, 629-637. 5 
" R. B-(attell, A Guide to Mentah Testing, 1948, 5. : 
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a stable plateau and subsequently involved in an intensive testing-program, the 
mean control measurements made at monthly intervals were surprisingly consistent. 


INTERCORRELATIONS 
Ideally, one should like to use a battery of tests with low intercorrelations 
and large ‘loadings’ on important motor factors, The rs have been computed 
both at the start of practice and at a time when the group reached or closely 
approached a plateau of performance (Tables IV and V). 
For purposes of easier interpretation, the direction of the deviations from the 


mean score was reversed for three variables (reaction-time and pattern tracing, both 
scores). In this way a positive deviation had biological meaning, i.e. indicated a ` 


TABLE V 
INTeRcORRELATIONS Between Moror Tests At on Near THE PLATRAU OF PRACTICE 
(N=35) 
Test (2) (3) (4) (5) (6) (7) 
(1) Handgrip dynamometer .]10 —.063  .040  .045 126 123 
(2) Back-pull dynamometer — .op .197  .209 ojẹ  .018 
(3) Tapping (paper-and-pencil) ——— irn t9r ui 320) 461 
(4) Speed of hand and arm move- : 
ments (ball-pipe test) — +306 -364 A62 
(5) Reaction time — 294  .07 
(6) Pattern-tracing, duration of 
contacts — 468 
(7) Pattern-tracing, number ot 
contacts DX 


better performance in all tests. To reduce the effect of the errors of measurement, 
the score of each S was based on two consecutive trials (six determinations). 

In general, the motor tests tend to correlate positively with each other but the 
75 are usually low.* In the present testbattery the intercorrelations only infre- 
quently reached a level of statistical significance. Only those tests which were func- 
tionally very close, such as the two dynamometers or the two scores on the pattern 
tracing test, had fairly high intercorrelations. d 

There are no consistent differences in the magnitude of the correlation coefficients 
obtained at the start and at the end of intensive practice, with mean r values of 
0.239 and 0.236, respectively. A z-transformation of the rs was used in arriwng 
at the average figure.” 


SENSITIVITY TO STRESS 
For purposes of describing the effects of a particular stress it is desirable X 
to measure as many facets of fitness as are compatible with the experimental 
Schedule and the competence of the invesigators. In ‘fundamental studies 
it makes no difference whether the results of a particular test are positive, « - 
this 


*R. H. Seashore, Experimental and theoretical analysis of fine motor skills, 


JOURNAL, 53, 1940. 86-98. 5 
"E. F. Lindquist, Statistical Analysis in Educational Research, 1949, 215. 


->in the laboratory during the entire period covered by the several stresses, The fi 


600 BROZEK AND TAYLOR 


indicating a definite change, or ‘negative.’ In either case the results 
tribute to a description of the overall biological impact of a stress, 
magnitude of the stresses should preferably be close to the limits of 

erance. ; 


In the context of ‘applied’ research one is frequently concerned with the f 
of different intensities of the stress and, more importantly, with evaluation of 
effectiveness of a variety of physiological (diet, acclimatization) and technolo 
(clothing) measures aiming at reducing the stress or increasing stress toleran 
For this purpose, inclusion of measurements which are not sensitive tothe particu! 
type of stress represents a sheer waste of time and manpower. Yet the avail 
information is very incomplete. E r 

In evaluating a mean change, we may apply two basically different criteri 
Generally only the first criterion is considered, i.e. the statistical significance 
the change, depending on the consistency of the changes taking place in the ind 
vidual Ss, their magnitude, and the size of the sample, For this purpose, the 
for paired variates or the equivalent F-test is appropriate.” The second crit 
refers solely to the magnitude of the difference between the control and the e 
mental means, reflecting the biological importance of the change. This magnitud 
best evaluated by referring the mean change to the scatter of the values | 
the normal population (SDz). The displacement ratio is then obtainted 
DR = (Mc — Mz)/SD», where Mo is the mean score for the control and Me fo 
the experimental period. The value is not affected by the size of the sample. Th 
sign attached in the tables to the displacement ratio indicates the biological direction 
of the change, ‘plus’ indicating improvement, ‘minus’ standing for deterioration. 

In actual practice the standard deviations of the population (SD») are rarel 
available and the $D» is replaced by the estimate made on the basis of the d t 
obtained for a given sample in the control period, SDo, or for some other sampl 
considered more representative of the parent population. In the present study 
SD value based on a sample of 34 Ss will be used, when available. 

The stresses to be considered here were carried out in two separate groups of 
and can be classified chronic and acute. 

The chronic stress was semi-starvation with 32 Ss completing the experim 
The food intake was decreased from 3500 cal. per day to 1570 cal. per day 
a period of 24 weeks, The stress resulted in a decline of body weight from 6 
kg. to 52.6 kg." The protein, fat, mineral and vitamin contents of the starv: 
diet were adequate. In addition to weight loss, the $s showed the classical 
and symptoms of famine victims; namely, edema, anemia, polyuria, bradyc 
weakness, and depression. During the semi-starvation period, the Ss followed a s 
schedule of routine laboratory and housekeeping chores, 20 miles of walking e: 
week, and some men took part in special educational activities. 

In addition to the semi-starvation, 4 acute stresses were studied on 12 m 
none of whom took part in the semi-starvation regimen. The men were residi 


stress was preceded by a control period of 2 mo. During this period the men becat 


5 Brožek and Alexander, The formula # = F, this JOURNAL, 63, 1950, 262- 
=” Keys at al., op. cit., 1950, 703-707. 
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accustomed to all test-procedures. The stresses were separated by periods of 6 wk. 
to 2 mo. and were administered in the order in which the conditions are described 
below: 


(1) Lack of Lede The stress consisted of a sleep-deprivation of 62 hr. The 
physical activity was kept at the accustomed moderate level. 

(2) Heat stress. Unacclimatized Ss were placed in experimental rooms with 
temperatures maintained at 115° to 120°F. during the day time and 90°F. at 
night, with a low humidity (25%). Work consisting of seven 10-min, periods of 
walking on the motor-driven treadmill at 7.5% grade and 3.5 m.p.h. alternated 
with 10-min. rest-periods was carried out on each half day of the experiment. Water 
was allowed ad libitum. 

(3) Hard physical work. The experimental regimen involved an abrupt increase 
in the amount of aerobic work. This was accomplished by increasing the assigned 
treadmill-work from 1 hr. a day at 3.5 m.p.h. on a 10% grade to 6 hr, a day for 


TABLE VI 


Hanner (tn Ko.) Unner Various Conpirions or STRESS 
(SD=8.3, based on N=34) 


Mean 
Stress N change F-test DRt 
Semi-starvation 32 —16.4 214.95* —1.98 
Acute starvation 12 + 0.5 0.26 +0.06 
Hard work 10 — 2.8 36.00* —0.34 
Heat 12 -—3 18.53* -—0.33 
Lack of sleep 12 + 0.2 0.05 +0.02 


* Significant at 1-% level. 

T Displacement ratio (Mc—M)/SD, where Me=control mean; Mars experimental 
' mean; SD= estimate of the standard deviation of the population. A plus sign (+-)=improve- 
ment, a minus sign (—)— deterioration. 


2 days and 4 hr. a day for the third day. One half hour of rest was allowed between 
Work periods. This increased the approximate daily energy expenditure from 3500 
o 5800 cal. ah 

(4) Acute starvation with hard work. The men ate no food (water ad libitum) 
and walked on the motor-driven treadmill for four hours daily with interposed 
rest periods. These conditions resulted in a caloric deficit of from 3500 to 4000 
cal. a day. The men developed dehydration, hypoglycemia, acetonuria and a mild 
acidosis during the course of the experimental period; 

The psychomotor tests were given daily in all the short-term stresses. For the 
present purposes only the maximal changes will be given. These changes represent 
the, terminal period of the stress, the important exception being the heat stress, in 
Which the maximal changes occurred on the evening of the first day. In the semi- 
starvation experiment the data were obtained in the last 2 wk. of the 24-wk, period 
9f reduced food-intake. The data for individual measurements are given in Tables 
VI-XII, 

In the handgrip the largest change, in terms of either the F-test or the displace- 
Ment ratio, took place in the semi-starvation experiment. The mean score was dis- 


* Henschel, Taylor, and Keys, Performance capacity in acute starvation with hardy — 


work, J. Appl. Physiol., 6, 1954, 624-633. f ; 
” Taylor, Henchth Mickelsen, and Keys, Some effects of acute starvation with 


pard work on body weight, body fluids and metabolism, J. Appl. Physiol, 6, 1954, 
-623. 2 
£ 
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placed about two standard deviations below the average value obtained during the — 


control period. In the hard work and heat stress the absolute change was small and 


would not be considered as a practically important impairment of the work capacity, ` 


Though small, the changes were fairly consistent from S to S and, consequently, 
statistically highly significant. This contrast between the two criteria of the ‘signific 
cance’ of mean change is clear enough for textbook purposes. The lack of sleep did 
not result in a decreased performance on this test. More interesting, however, is the 


TABLE VII 


Bacx-PULL (iN Ko.) Unner Various Conprtions or Stress 
(SD=27.8, based on N= 29) 


Mean 
Stress N change F-test DR 
Semi-starvation 29 —49.7 179.32* —1.79 
Acute starvation 12 = 7.2 3.97 —0.26 
Hard work 9 —12.2 16.21* —0.44 
Heat Il 15.3 12.69* —0.55 
Lack of sleep 10 — 934 7.68t —0.26 


* Significant at 1-% level. 

T Significant at 5-% level. 
absence of deterioration of strength of grip in acute starvation. This does not appear 
to be an artifact, When the $s were exposed to the same stress on another occa- 
sion, the mean decrement in the score was 1.9 kg., but the change did not reach 
a level of statistical significance (F — 1.28). 

The pattern of changes in the back-pull dynamometer, a test disliked by most of 
the Ss, was fairly similar to strength of grip. The changes were, on the whole, more 
marked, except in the semi-starvation study. The magnitude of deterioration in the 


TABLE VIII 


Two-rLATE Taprinc, NUMBER Or TAPS PER 10 Sec. 
(SD 5.4, based on N—34) 


Mean 
Stress N change F-test DR 
Semi-starvationt 32 —.3 34.10* —0.61 
Acute starvation 12 —10.3 28.04* —1.91 
Hard work 10 -14 5.41t —0.31 
Heat. II = 1.7 1.61 —0.31 
Lack of sleep 12 — 1.0 4.34 —0.19 


* Significant at 1-% level. 
T Significant at 5-% level. 
1A paper-and-pencil version of the test used here. 


acute starvation and the lack-of-sleep experiments was identical but only the latter 
change exceeded the 5-65 level of statistical significance. 

With reference to the tapping test, only the last four stresses are directly 
comparable as the standard tapping test, performed while walking on the treadmill, 
was used. This test of speed is highly resistant to deterioration and the changes 
were very small, except in acute starvation. In semi-starvation, a paper-and-pencil 
version of the test was used. It is of interest that while the control means and the 
scatter of the stores on the two versions of the test are comparable, the apparatus- 

* 
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test is much more sensitive to stress. Thus in another acute starvation experiment, 
where both versions of the test were used, the group (paper-and-pencil) version 
showed no deterioration, with mean scores of 72.3 during the control period and 
71.8 and 72.3 on the third and fourth day of the experiment. The mean scores 
on the regular test showed a marked change. The values were 71.0 in the control 
period and 60.4 at the end of the fourth day of fasting, yielding a decrement of 
10.6—a value very close to that given in Table VIlI—and an F-test of 33.38 


TABLE IX D 


Speep or HAND AND Arm Movements, NuxazR or Times A Batt 1s Passep 
TunoucH A Verticar Pire IN 1 Min. 
(SD 5.9, based on N=34) 


Mean 
Stress N change Fetest DR 
Semi-starvation} 32 — 3.9 31.49* —0.66 
Acute starvation 12 —11.0 16.78* —1.86 
Hard work 10 — 5.2 16.49* —o.88 
Heat 1I -43 4.15 —0.73 
Lack of sleep 12 -35 7.19f —0.59 


* Significant at 1-% level. 
1 Significant at 5-% level. 
1 Performed standing, not on the treadmill. 


(highly significant for 1 and 11 degrees of freedom). In the other three stresses 
the decrements were either minimal (—0.2 in hard work, —0.5 in heat) or absent 
(lack of sleep). 

The ‘ball-pipe’ test measuring the speed of coórdinated hand and arm movements 
(Table IX) was also performed, as a rule, on the moving treadmill. The perform- 
ance on this test was affected more markedly by the biological stresses than the 
speed of tapping. It was one of the few psychomotor measurements affected by 


TABLE X 


REACTION-TIME (IN 0.01 SEC.) 
(SD=3.6, based on N=34) 


Stress N change F-test 
Semi-starvation 32 +3.3 26.59* 
Acute starvation 12 +9.0 19.80% 
Hard work 10 +2.1 11.37* 
Heat n +3.1 pe 
Lack of sleep 12 41.4 5.65 


* Significant at 1-% level. 

T Significant at 5-% level. 
the lack of sleep. In the semi-starvation experiment, involving a large number s 
Ss, a group-form of the test was used with 6 Ss working at a time, standing in front 
of a bench. This made the test definitely easier—a fact which may explain the rela- 
tively small, though consistent, change. A Oed T 

In the whole test-battery, the complex reaction-time was the most BS Se id 
Cator of decreased capacity to work. There was A marked deterioration in acute 
Starvation, with a displacement ratio of 2.50, and the changes were pince 


- 
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significant in all five stresses. It will be recalled that the performance involy 
participation of large muscle groups and some hand-foot coórdination. The eleme 
of discrimination (three light signals), as such, played probably a minor rôle. 

The pattern-tracing was scored in reference to the number and the length of 
contacts, The latter score exhibited more consistent changes under stress. It 


TABLE XI 
PATTERN-TRACING, NUMBER or CONTACTS 
T (SD 13.3, based on N34) 
Mean 
Stress N change F-test DR 

Semi-starvation 32 +20.6 130.42* 1.55 
Acute starvation 12 T 9.8 17.12* —0.73 
Hard work 10 + 7.6 8.031 —0.57 5 
Heat II + 6.4 3.76 —0.48 
Lack of sleep 12 T o.r 0.00 0.00 
* Significant at 1-% level. 

T Significant at 5-% level. 


cated deterioration in the lack-of-sleep stress while the other score remained U 
changed; the Ss made the same number of error contacts under control conditions 4 
under stress but it took them a longer time to react to the sound of the buzzer í 
to get back to the center of the path. 


DISCUSSION 
Motor performance has been studied in several contexts and for a 
of purposes. Physical education is concerned with such problems as 
development of gross motor abilities and the measurement of achieve 
in athletic activities. Motor fitness represents the capacity to run, j 


TABLE XII 


PATTERN-TRACING, DURATION OF CONTACTS IN $ SEC. 
(SD=7.5, based on N= 34) 


Mean 


Stress N change Fetest DR E 
Semi-starvation 32 +6.1 68.29* —o.81 — 
Acute starvation 12 +8.5 31.48* —1.15 

x Hard work 10 +3.7 4.28 —0,49 | 
Heat 1r 45.6 7.18f 0.75" 
Lack of sleep 12 +4.0 9.69% —0.53. 

* Significant at 1-07 level. 

t Significant at 5-% level. _ 


dodge, fall, climb, swim, lift and carry loads.?* During World War Il 
Army Air Forces used extensively ‘physical fitness ratings’ based on a 
combining the number of sit-ups, chin-ups, and the duration of a shut 
7" run. In South Africa, standards of physical efficiency were based on. 


time of running 100 and 600 yd., and the putting of a 12-Ib shot, cO 
—- 


“ T, K.'Cureton, Physical Fitness Workbook, 3rd ed., 1947, 33-42. 
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sidered as measures of speed, endurance, and strength, respectively.” 

The mechanical engineer is concerned with the analysis of cycles of 
movements into their basic component parts and with effective training 
methods, Less attention has been paid to the more basic problems of kinesi- 
ology.*® On the other hand, some of the recent psychological investigations 
merge with the mechanical engineer's approach and the method of motion- 
study.?” In part because of the importance of perceptual elements and the 
processes of selecting, interpreting, remembering, anticipating, and timing 
in almost all real life ‘motor’ performances, the study of skill is a logical 
meeting ground of the experimental psychologist and the engineer con- 
cerned with time-and-motion studies.?* 

The psychologists have investigated the age-trends in fine motor and 
mechanical abilities, studied their factorial structure, analyzed the phe- 
nomena of motor learning, and used a variety of manipulative tests for 
the selection and classification of industrial? and military personnel.'? 
Tests of motor functions, principally of strength and endurance, were 
used for an objective evaluation of performance-capacity at different stages 
of disease and during recovery.? The deterioration of psychomotor per- 
formance was investigated under conditions of psychological and physio- 
logical stress, such as anoxia, and exposure to heat and cold.** Nutritional 


“Ernst Jokl, Report of activities of the Medical Research Committee of the 

ecaa Advisory Council for Physical Education, Manpower, 41, 1946 (No. 2), 
-58. 

"C, A. Koepke and L. S. Whitson, Summary of a series of experiments to 
determine the power and velocity of motions occurring in manual work, J. Appl. 
Psychol., 25.1941, 251-264. l J 
." L. V. Searle and F, V. Taylor, Studies of tracking behavior; Part I. Rate and 
time characteristics of simple corrective movements, J. Exper. Psychol, 38, 1948, 

-631. j 

^ R. Conrad, Study of skill by motion and time study and by psycholo, cal ex- 
periment, Research, 4, 1951, 353-358; R. M. Barnes, Work Methods Training 
Manual, 2nd ed., 1947, 75-80; Alphonse Chapanis, W. R. Garner, and C. T. Mor- 
EYY Uy Experimental Psychology: Human Factors in Engineering Design, 

, 264-296, Fc 
i V. F. Long and C. H. Lawshe, The effective use of manipulative tests “in 
industry, Psychol. Bull., 44, 1947, 130-148. Rx 
ü E15 Melton, (ed.), Apparatus Tests, A.A.F. Aviation Psychol. Progr. Res. 
BR No. 4, 1947. i i 

Leonard Brahme, A ly constructed ergodynamometer and its clinical use, 
Acta Med Sea "89, 1936, 268-282; R. B. Malmo and H. L. Andrews, A record- 
ing device for foot-tapping, with results from polyneuropathic subjects, this JOUR- 
NAL, 58, 1945, 247-252; R. S. Schwab, A. L. Watkins, and M. A. B. Brazier, 
Quantitation of muscular function in cases of poliomyelitis and other motor nerve 
lesions, Arch, Neurol. Psychiat., 50, 1943, 538-545; H. H. Clarke, Objective 
Strength tests of affected muscle groups involved in orthopedic disabilities, Rer. 
Quar, 19, 1948, 118-147; Improvement of objective strength tests of muscle 
8toups by cable-tension methods, Res. Quart, 21, 1950, 399-419. gu 

R. S. Lazarus, James Deese, and S. F. Osler, The effects of psychological LAN 
upon performance, Psychol. Bull, 49, 1952, 295-317; R. B. Malmo and J. L. Finan, 
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stresses involved such conditions as restricted vitamin intake and partial 
or total starvation.?? It is in this framework that the battery of tests de- 
scribed in the present paper was developed and applied. 

Descriptions of a large number of psychomotor measurement methods 
are available in manufacturer's catalogues, in individual papers, and in text- 
books.** A handbook on methods in medical research contains the de- 
scription of a variety of tests of motor functions especially adapted for lab- 
oratory and clinical studies of motor fitness ;*° no overall view of the field 
has been attempted and the individual contributions are largely limited to 
apparatus and testing procedures. Information on the effects of practice, 
reliability, inter-relationships under normal conditions and under stress, 
and sensitivity to stress is inadequate or unavailable. 

With reference to laboratory testing of motor fitness, four components 
or aspects of voluntary motor performance have been distinguished in the 
past: speed, strength, coórdination, and endurance. It is recognized that 
these are abstract categories of behavior, i.e. biologically non-existent divi- 
sions of human motor activity.** Statistically, the unitary character of these 
categories is weak, as indicated by low co-variation between scores in tests 
belonging ‘logically’ to the same category (modality). Thus Seashore, 
Dudek, and Holtzman noted that intercorrelations among various tests, all 
of which presumably depend on steadiness and precision of movement, can 
not be adequately accounted for by postulating a single factor of steadi- 
ness, Physiologically, any kind of ‘psychomotor’ response consists of cen- 
tral (nervous excitations) and peripheral processes (conduction of im- 
pulses and muscular contraction). The final mechanism contro!ling muscle 
action is the same throughout and operates by the variation in the number 


A comparative study of eight tests in the decompression chamber, this JOURNAL. 
57, 1944, 389-405; Melton, op. cit., 945-980; Henschel Taylor, Brozek, and Keys, 
Vitamin C and ability to work in hot environments, Amer. J. Trop. Med, 24, 
1944, 259-265; N. H. Mackworth, Researches on the measurement of human 
performance, Medical Research Council, London, 1950, Special Rep. Ser. No. 268; 
Varii, The tolerance of man to cold as affected by dietary modifications, Amer. 
Physiol., 146, 1946, 66-83, 84-96, 538-558. 
Brožek, Guetzkow, Mickelsen, and Keys, op. cit, 1946, 360; Keys et alu 

2 city eae aR Brožek, Henschel, Mickelsen, and Keys, The effect 
of successive fasts on the ability of men to withstand fasting during hard work, 
Amer. J. Physiol., 143, 1945, Tor E ing - 

= A. G. Bills, Studying motor functions and efficiency, in T. G. Andrews, ed. 
Methods of Psychology, 1948, 459-497; Henri Piéron, Méthodes expérimentales, in 
Méthodologie psychotechnique, Traité de psychologie appliquée, 1, 1952, 202-210. 

=W, R. Miles, ed., Selected psychomotor measurement methods, Methods i" 
Medical Research, 3, 1950, 142-218. 

“R. B. Cattell, Description and Measurement of Personality, 1946, 72. 

sE H Segshore, F. J. Dudek, and Wayne Holtzman, À factorial analysis of 
arm-hand precision tests, J. Appl. Psychol, 33, 1949, 579-584. 
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of active motor units in a particular muscle and the frequency of nerve 
impulses activating these units (the frequency of discharge) .*° The physio- 
logical differentiation of motor functions depends on the relative im- 
portance and function of the peripheral (e.g. muscle size) and central com- 
ponents, the participation of different senses and different segments of the 
central nervous system, and the degree of involvement of other physio- 
logical systems (circulation, respiration). It becomes readily apparent that 
the four categories of motor functions do not represent, physiologically, 
homogeneous entities.?? Thus in the ‘speed’ of small repetitive movements 
(e.g. tapping) the limiting factor appears to be the refractory period of 
the motor centers while the speed of single ballistic movements reflects the 
force developed during isotonic contraction and the speed of simple reac- 
tion (reaction-time) is principally a measure of the delay at the central 
sensori-motor synapses, ‘Endurance’ in static work, such as weight hold- 
ing, involves tolerance of discomfort resulting from peripheral ischemia 
while in severe dynamic work, such as running on a motor-driven tread- 
mill, the cardio-respiratory system (heart output, pulmonary capacity) and 
the ability to accumulate oxygen debt are the, crucial factors. In two-plate 
tapping, the rate of tapping falls off as a result of disturbed function of the 
motor centers (including ‘blocking’) rather than the inability to contract the 
muscles involved in this simple task. 'Coórdination' is also not a unitaty 
category involving, as it does, simultaneous contraction (and relaxation) of 
several muscle groups, codrdination of actions in temporal sequence (tim- 
ing) as well as coórdination of sensory perception and neuromuscular func- 
tion. It has been noted that the degree of recovery after experimental starva- 
tion has grouped a test of the ‘speed’ of ballistic leg movements together 
with the measures of strength rather than with the tests of speed as meas- 
ured by tapping or the time of a complex reaction. 

Statistically, in terms of factorial analysis, there is weak or no evidence 
for a general motor factor.*! The group factors are narrow. In the category 
Of ‘Speed,’ speed of single reactions does not correlate highly with thie 
speed of tapping or with serial discriminative reactions.** This might be 
expected from the physiological analysis presented above. In the present 


“Ernst Gellhorn, Physiological Foundations of Neurology and Psychiatry, 1953, 


15-18. 
age Simonson, Endocrinologic aspects of aging and the muscular and nervous system 
in man, J. Gerontol., 7, 1952, 303-305. 
à Brožek, Simonson, and Keys, op. cit., 1952, 757. AS 
Ou E G. Seashore, Some relationships of fine and gross motor abilities, Res. 
art., 13, 1 = 5 4 " s 
» ER. E pue and I. N. McCollom, Multiple factorial alysis of fine 
Motor skills, this JOURNAL, 53, 1940, 251-259. ' 5 
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study the three tests of ‘speed’ had very low intercorrelations while the 
speed of hand and arm movements correlated fairly highly with the test 
of eye-hand (foot) coórdination. 

The narrowness of group factors makes difficult a comprehensive evalua- 
tion of the motor aspects of the overall fitness as the number of tests which 
can be incorporated into an experimental program of interdisciplinary re- 
search is limited. Perhaps a heroic attack on the factorial structure of motor 
functions, similar to Thurstone's studies of intelligence,*® would provide 
the applied psychologist and physiologist with a better guidance as to the 
selection of an economic battery of motor tests than has been available in 
the past. Both a comprehensive coverage and the use of well-constructed 
tests is a prerequisite for a fairly definitive solution of this problem. 

For the use of motor tests in longitudinal experimental investigations 
it is fortunate that practice on tests of motor skills does not seem to raise 
significantly the intercorrelations between scores on tests of fine motor 
skills. In the present study, the mean r values at the start and end of 
intensive practice were practically identical. Were this not the case the 
factorial analysis would have to be done on scores obtained at the practice 
plateau—an almost hopeless prospect. 

Factorial studies made on scores obtained under ‘normal’ (control) con- 
ditions cannot possibly, however, answer the crucial question of the relative 
sensitivity of different functions to the impact of biological stresses. In a 


very teal way, the study of the pattern of changes in motor functions under 


Stress represents a physiological factor analysis of motor fitness. The avail- 
able data indicate, again, a good deal of independence, especially as far as 
the relative magnitude of deterioration is concerned. Thus in acute starva- 
tion strength was not significantly affected while all three speed-tests 
showed a very marked deterioration; coórdination showed a definite but 
smaller change, using the displacement ratio as criterion of the relative 
magnitude of the change. In acute thiamine deficiency all motor functions 
exhibited a tendency toward deterioration.*® While the direction of the 
change was shared by all tests, strength of grip and speed of tapping 
changed but little, the speed of hand and arm movements and the reaction- 
time were definitely affected, and performance on the pattern-tracing test 
of codrdination deteriorated dramatically. 


ao 
ie L. Thurstone and T. G. Thurstone, Factorial Studies of Intelligence, 1941, 


“Buxton and L. G. Hum i i ions ii 
nolor dili. Gee DONEC effect of practice upon intercorrelations in 


“ Brožek, Guetzkow, Mickelsen, and Keys, op. cit., 1946, 376. 
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This battery of motor tests has been used as part of a larger battery of 
tests designed to cover several aspects of fitness.** It has been pointed out 
that motor functions are in general more sensitive to stress than indices of 
intellective capacity and personality patterns examined by projective tests.*? 
Special complaint inventories and some personality questionnaires proved 
more useful.** The relationship between the physiological indices of fitness 
and the motor-tests described here are of some interest. In studying the 
response to stress, the physiologist has placed emphasis (1) on indices of 
cardiovascular function—the rate of the pulse at rest and at-work, the 
response of pulse and blood pressure to posture, the maximal oxygen in- 
take; (2) on indices of the capacity to do anaerobic work—the concentra- 
tion of lactate or pyruvate in the blood and the oxygen debt after exhaust- 
ing exercise; and finally (3) on the ability to perform exhausting exercise 
(high energy expenditure), usually measured by time required to run to 
exhaustion. In more elaborate studies, the physiologist has measured skill 
by determining the mechanical efficiency of work and has used the ability 
to walk on the treadmill (at 3.5 m.p.h. on a 10% grade) for long periods 
as an index of ‘endurance’ in carrying on activity which raises only mod- 
erately (6-7 times) the resting energy expenditure. The concentratoin of 
physiological measurements on the cardiovascular system and on perform- 
ance in exhausting exercise is due to the recognition of the fact that cardio- 
vascular reflexes are markedly influenced by both physical conditioning and 
deconditioning processes and that exhausting exercise is the result of such 
à large number of integrated physiological and psychological processes that 
this test-situation is likely to be very sensitive to changes in the status of 
the individual. 

On a priori grounds one cannot be certain whether a battery of motor- 
tests such as described here would be more sensitive to certain stress-situa- 
tions than the usual measurements employed by the physiologist. Actual 


experience demonstrates that tests of motor performance are more sensitive 
J . 
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to certain biological stresses than the physiological tests and in others 
reverse holds true. Acute thiamine deficiency is an example of the sup 
ity of the motor battery over the physiological measurements,'? whil 
rest is an example of a stress in which cardiovascular indices showed 
deterioration in the presence of minimal changes in the motor functions; 
Endurance in moderately hard physical work, as measured by the abili 
complete prescribed periods of walking on the treadmill, was a sensi 
indicator of detrioration in the acute thiamine stress. 

The psychomotor battery described in this paper does not contain a i 
of endurance. While the difficulties in constructing adequate tests of 
durance are considerable, such tests are of interest because they may si 
as more sensitive indicators of experimentally inducd deterioration and 
clinical impairment than the best performance-tests. Some clinical evi 
on this point has been provided.* In a patient with mild poliomyelitis, t 
hip adductors of the right side appeared clinically to be more affected tha 
the corresponding muscles of the left side. When strength of these muscl 
was tested in single determinations, identical scores were obtained for 
two sides. When the measurements were repeated (eight times at inte 
of 20 sec.), the performance of the right (weak) side declined rapid 
and markedly (from 17 to 10 Ib.) while the performance of the 
(strong) hip adductors remained essentially constant. 


SUMMARY AND CONCLUSIONS 

A battery of tests of motor functions, applied in the context of compr 
hensive studies of ‘fitness’ and of changes in fitness under a variety of b 
ological stresses, was described. It contained two tests of strength, three of 
speed, and one of coórdination, yielding two scores. 

The tests of strength are least affected by practice consisting in repeatin 
the measurements, while tests with a large component of coórdination show 
prolonged Practice-trends. In general, 3-6 wk. should be reserved for p 
experimental testing to avoid the complication of the deterioration dii 
stress by continued improvement due to practice. 

The consistency of the scores is satisfactory. With practice there is 
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Practice does not consistently alter the amount of correlation between 
motor-tests. The coefficients of correlation are overwhelmingly positive but 
they are low except for tests which measure very similar aspects of perform- 
ance capacity, such as handgrip and back-pull tests of strength. 

It has been our general experience that motor performance is more 
susceptible to deterioration under stress than the sensory and intellective 
functions. Even in the motor area the changes have frequently been small 
under conditions of severe stress. The complex reaction-time was the only 
variable which exhibited statistically significant changes in all five stresses 
(semi-starvation, acute starvation, hard work, heat, and lack of sleep). 
Strength showed greatest decrement in semi-starvation while speed of 
tapping, speed of hand and arm movements, and complex reaction-time 
exhibited largest deterioration in acute starvation combined with hard 
physical work. 

Examples are quoted to show that the combination of a battery of tests 
of motor function plus physiological indices of the ability to do hard 
physical work measures deterioration in the presence of stress better than 
either approach used alone and provides a more meaningful basis for analy- 
sis of fitness deterioration. 

In addition to the criterion of statistical significance, a ‘displacement 
ratio’ (mean change under stress to standard deviation of the scores in the 
control period) was used to evaluate the biological importance of the de- 
crements in individual motor functions. 


PERFORMANCE VARIABLES IN THE EXPERIMENTAL . 
ANALYSIS OF THE LAW OF EFFECT 


By LEO POSTMAN and PAULINE AUSTIN ADAMS, University of 


Thorndike's law of effect is both a law of learning and a law of p 
formance, If a stimulus-response sequence is followed by a satisfier, t 
connection between stimulus and response is strengthened and the 
bility that the response will be given to the stimulus is increased.’ Ne 
the formulation of the law nor the experimental procedures used to t 
law allow of a separation between the conditions of acquisition and 
conditions of performance of a habit, Such a distinction is, of c 
central in the learning theories of both Hull? and Tolman.’ Both th 
recognize that the laws governing the growth of habit strength, or the fo 
mation of expectancies, are not sufficient for the prediction of concrete | 
formances in specific test-situations, The activation of habits or the utili 
zation of bits of knowledge acquired during training depends on s 
principles of performance, This conceptual distinction between lei 
and performance has as yet received little application to the analysis of 
results obtained in typical Thorndikian situations, such as those using th 
Selective reinforcement of word-number connections, ‘There has, 


nouncement of "Right stamp in a connection between word and numb 
or does it provide the $ with information which he uses on later trials 
and when he is motivated to repeat the reinforced response? 


An important attempt to distinguish between these two interpretations of 


. 
Accepted for publication October 19, 1953. ‘Thi h was facilitated 
a Gan bie the [reme Sciences Division of the er Foundations 


comprehensive survey of experimental evidence su orting th 

ar may be found in E, L. Thorndike, The [TÉ 6j Terni E 

C- L Hull, Principles of Behavior, 1943, especially ch. 14 1 

n. p Eu aut rye Animali and Men, 1932, especially £ 
Rep, 43, 1958, Vot of effect: a round table discussion: II, Pf 


For a rpview of the different i tions of the law of effect, see D 
re The history and present status of the law of effects, Prychol. Bull, 44, 
612 


AN ANALYSIS OF THE LAW OF EFFECT 613 


was made in a series of experiments by Wallach and Henle These investigators 
informed their Ss that their experiment tested success in extra-sensory perception, 
hence numbers called correct on one trial might or might not be correct on the 
next trial. These instructions, according to Wallach and Henle, served to eliminate 
the ‘learning motive’ and rendered the rewards irrelevant to the Ss’ task. Under 
these conditions, responses called ‘Right’ were not repeated more often than 
responses called ‘Wrong,’ nor was the level of repetition of wrong responses as 
high as that typically obtained in Thorndike's experiments. With elimination of 
the learning motive, rewards no longer had the automatic effect claimed for them 
by Thorndike. This analysis fails to distinguish clearly between the conditions 
governing learning and the conditions governing performance. The instructions given 
at the beginning of an experiment may influence both learning and performance, or 
performance alone. The announcements of ‘Right’ may produce learning which does 
not manifest itself in performance when Ss are not motivated to use the informa- 
tion they have acquired, 


To separate the effects of motivation on learning and on performance, 
we must sharply distinguish between two questions: (1) Does $ learn 
though he is not motivated to do so, i.e. does he acquire information about 
the correct word-number connections even though that information is 
irrelevant to his task? (2) If learning does occur, do different instructions 
tegarding repetition lead to significant differences in performance? The 
experiment reported in this paper seeks to answer these questions experi- 
mentally, 


METHOD 

General procedure, A procedure typical of Thorndike's experiments was used, 
5 was presented with a series of 25 three-letter words and instructed to respond to 
each word with a number from 1 to 10.* All the stimulus-words were common 
three-letter nouns with a high frequency of usage according to the Thorndike- 
Lorge word-count." S's responses to the words in positions 6, 13, and 20 were 
arbitrarily called ‘Right,’ all other responses were called ‘Wrong.’ The series of 
Words was then repeated, but in a different order. The first presentation of the 
words constitutes the training series, the second presentation the test-series, No 
fewards or punishments were given for responses in the test-series. 

Im changing the order of stimulus-words from training series to test-series, #he 
following restrictions, suggested by Jenkins and Cunningham,* were imposed: (a) 
5 renncons Shc seein! fo 2's! nim 


* Hans Wallach and Mary Henle, An ieee anal rA nadie een 


I. Exper. Psychol., 28, 1941, 340-349; A study i 


ibid., 30, 1942, 147-160. mite 

* Only the re to 21 of these words were used in the analysis of the results. 
The Aah e responses to 21 Gf ues 
Primacy and ri A 
yo Thorndike and Irving Lorge, The Teacher's Word Book of 30,000 Words, « 


* W. O. Jenki wnningham, The guessing-sequence hypothesis, the 
prd of Deae habits, [exper Psychol., 99, 3949, 158- 
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No two words followed each other on successive trials. (b) No punished response — 
occurred in the same third of the list on successive trials. (c) Punished responses 
which preceded a reward on one trial followed a reward on the next trial and vice — 
versa. (d) The positions of the rewarded responses were held constant. To reduce | 
the possible effects of specific stimulus-words on repetition, two different orders of 

the list were used in the training series with different words in the rewarded posi- ^ 
tions. The two different lists were used equally often under all experimental — 
conditions, , 

Following the testseries, a recall-test was given in which S was instructed to 
recall the numbers with which he had responded during the training series and — 
the reinforcements he had received. For the recall-test, the words were given in a 
new order, obeying the same restrictions as before. 

Since the instructions given before the training series and the test-series were a 
crucial variable in this experiment, they will now be reported in detail. E 

Training instructions. The essential features of the experimental design were (1) — 
to provide $ with an opportunity to acquire information about right and wrong — 
word-number connections in the absence of motivation to learn, and (2) to vary 
systematically $'s motivation to use this information on later trials. 

To expose $ to right and wrong word-number connections, without motivating — 
him to learn these associations, we borrowed the procedure of Wallach and Henle 
and introduced the experiment as a test of extra-sensory perception. The following - 
instructions were given S prior to the training series." 


You have perhaps heard of extra-sensory perception. Subjects are asked to name 
items which they cannot possibly perceive in any ordinary sense of the word, If 
they are able to make hits more Pegoently than they would by chance alone, it 
must be by extra-sensory perception. ' 

We are dealing with the same problem by a method somewhat different from 
the ones used before. We have prepared a list of pairs of words and n! 
sball show you the words, and you guess the numbers that go with them, If 
extra-sensory perception exists, you should be able to do this better than chance. 
If it does not exist, you will merely be guessing the number that gocs with each — 
word, and you should not make a score better than chance. a 
. We have used numbers from 1 through 10. So you can choose from 10 numbers - 
in each case, and with this large selection you will, of course, not make many hits. 
After each judgment I will tell you if you were right or wrong. x 

Thinking about your performance during the experiment definitely will not 
help you, so just try to give your responses as quickly as you can. Don't mind i 
I hurry you through the experiment, it will only help you to make a better score. 

We have a list of 25 words, and this list will be presented a number of times, 
pes Ed e aimed Hee the ponds al change in a random fashion from . 

n to presentation. Thus a number which i > N 
tion may or may not be correct on the next. ogee On the Got ME 

Are there any questions? 


The stimulus-words, typed in capital letters on index cards, were presented at — 
the rate of approximately one every 5 sec. E recorded S's response on a record 
sheet which was not visible to S. y 

2s Test-instructions, To gauge the effect of differences in motivation on S's per- 
formance, with learning held constant, the Ss were subdivided into nine experimental - 


a 
* The instructions used are identical with th ^ 
1941, 3425except for a few minor ud in aoe and Henle, opa 


AN ANALYSIS OF THE LAW OF EFFECT 615 


groups. Prior to the test-series, each of these groups received different instructions 
which were designed to manipulate $'s motivation to repeat or not to repeat 
responses rewarded or punished during the training series. Different groups were 
informed that, for the test-series, responses rewarded during training (a) would 
be correct, (b) might or might not be correct, (c) would be incorrect. Correspond- 
ing instructions were given concerning the correctness of the responses punished 
during the training series. 

There are nine possible combinations of such instructions concerning the correct- 
ness for the test-series of the responses rewarded and punished during the training 
series. These combinations of instructions may be seen in Table I. To facilitate 
reference to the different conditions, the instructions concerning the correctness of 
responses rewarded or punished during training will be denoted by subscripts: a 
plus sign indicates that the particular class of responses will be correct for the 
test-series. Thus R. means that previously rewarded responses will be correct, 
W, means that previously punished responses will be correct. Similarly, a minus 
sign indicates that the class of responses will be incorrect, i.e. R- or W-. A sub- 
script of zero denotes that the class of responses may or may not be correct, i.e. 
Ro or Wo. 

Each of the nine experimental groups received one of these combinations of 
instructions. There were 20 Ss in each experimental group. 

The instructions for the test-series may be exemplified by those given to members 
of Group II, which were as follows: 

Now we will go through the list again and I will give you the same words as I 
gave you last time. This time, however, I have chosen the numbers in such a way 
that the numbers I called "Right the first time will be right again this time, The 
numbers I called ‘Wrong’ the first time may or may not be wrong this time. This 
time I will not tell you if your guess is right or wrong. 

Comparable instructions were given to the other groups, except that the state- 
ments concerning the correctness of the previously rewarded and punished re- 
sponses varied from group to group. 

Recall-test. Immediately after the test-series, a recall-test was given. The purpose 
of this test was to determine the extent to which repetition of responses during the 
test-series was associated with active recall of these responses. $ was also required 
to state whether or not his responses had been called ‘Right’ or ‘Wrong’ during the 
training series, The recall-instructions read as follows: 

Now . I will again show you the words. This time 
I Want me aioe e RE remem saying to each of the word? the 
first time we went through the cards. Please tell me also whether I called the num- 
ber ‘Right’ or ‘Wrong.’ Try to answer as quickly as possible; if you are not sure 


you can remember, just make a guess. 
That is, I want you to give me the same number you gave to each of the cards 


the first time we went through the list, and tell me whether T called the number 
tight’ or ‘wrong.’ 

At the end of the experimental session, E questioned the Ss concerning their 
interpretation of the instructions. The few Ss who gave clear evidence of having, 
misunderstood the instructions were not included in the experiment and were 


replaced by other Ss." é E 
"Only 3 Ss had to be discarded for this reason. Ss were also discarded if they 
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Recall-control group. S's recall of his responses may have been influenced by 
his performance during the test-series. To obtain a measure of recall independent 
of the practice provided by the test-series, a tenth group of 40 Ss, to which we will 
refer as the Recall-Control Group, was added. This group was given a recall-test 
immediately after the training series. The words were presented in the same order 
as on th recall-test of the other experimental groups. 

Subjects. The Ss were 220 students at the University of California, Berkeley. None 


knew the purpose of the experiment. 


RESULTS 


Repetition of rewarded and punished responses. Table I shows for the 
various conditions the average number of rewarded responses repeated 
during the test-series. Table II shows the average frequencies of repetition 
of punished responses. To facilitate comparisons among conditions, the 
data are presented in 3 X 3 tables, with the instructions for rewarded 
responses arranged along the top, and instructions for punished responses 


TABLE I 


AvzRAGE NuwarR or Rewarvep Responses Repzatep By 
THE Various EXPERIMENTAL GROUPS 


The Roman numerals refer to the Experimental Group of Ss which received 
that particular combination of instructions. 


. Instructions for 
Rewarded responses 
Punished 
responses R4 Ro R Totals 
Wi I 1.25 IV 1.20 VII .95 1.13 
Wo IL 1.15 V .8o VIII .65 .87 
Ww Ill +50 VI .55 IX c ua .48 
Totals «97 .85 .67 .85 


along the side. Each of the nine cells thus represents one combination of 
instructions given to one of the experimental groups. The averages for 
columns make it possible to evaluate the effects of performance-instructions 
for rewarded responses, summing over instructions for punished responses. 
Similarly, row averages allow an evaluation of the performance instructions 
for punished responses, summing over instructions for rewarded responses. 

.Consider the repetition of rewarded responses (Table I). We may 
inquire first for which of the conditions the frequency of repetition exceeds 
the chance level. In answering this question, Thorndike assumed that with 


2 

persisted in giving the same number or a very small e of numbers to the 

Magen " 5s d they joues atempt to dona responses in terms 
ingful associations betwéen words numbers, % 

of the Ss had to be replaced for any of these reasons. COSS silo 
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` 


ten numbers to choose from the chance probability of a repetition is 0.10 
and determined whether the obtained frequency of repetition significantly 
deviated from that proportion. Although this procedure is open to criti- 
cism, we shall apply it here to facilitate comparison of our results 
with those of earlier studies. By chance alone, 6 of the 60 rewarded 
responses (3 each for 20 Ss) should be repeated. To exceed this chance 
probability at the 5-06 level, 9.82 or an average of 0.49 repetitions per S, 
are required. Inspection of Table I shows that all but one of the conditions 
yield repetitions significantly above chancej* The sole exception is Con- 
dition IX for which the performance instructions are entirely negative. 
We note that significant levels of repetition are obtained without instruc- 
tion to learn and under performance instructions which explicitly militate 
against such repetitions. For the conditions showing the higher numbers of 
repetitions, the levels compare favorably with those obtained by Thorn- 
dike, Our results do not conform to the conclusion of Wallach and Henle 
that rewards are effective only when there is a learning motive which makes 
repetition ‘sensible.’ 

Even though rewards are in general effective, there are important dif- 
ferences among conditions in the frequency of repetition of rewarded 
responses, Since the conditions of learning were exactly identical for all 
the experimental groups, the differences in frequency of repetition must be 
ascribed to the performance instructions. 

Comparison of the column averages in Table I shows that positive 
instructions concerning the correctness of rewarded responses (R,) lead 
to a higher level of repetition than do indeterminate instructions (Ro) or 
negative instructions (R_). In general the more positive the instructions, 
the higher is the level of repetition. We note, however, that the differences 
between column averages are not large, and analysis of variance shows them 
not to be statistically significant (F = 2.28, df = 2 and 171, P > .05). One 


&' The assumption that the chance level of repetition is 0.10 has been questioned 
on the basis of the existence of number-guessing habits (cf. fenkins and Mesi 
ham, op. cit, 164-168). The chance level of repetition is difficult to establiss 
empirically since the absence of either negative or positive reinforcement may bı 
interpreted in various unknown ways by the S. In any event, our main EE d 
in comparing levels of repetition with instructions to learn (Thorndike, An this 
mental Study of Rewards, 1933, 16-25), and without instructions to learn (ts 
experiment). Whatever distortion is introduced by assumptions about the chance 
evel hold equally true for both conditions. ‘ T 
"In setting this level, the one-tail test of significance was used since the direc- 
tion of the deviation from chance was predicted, If the two-tail ye aaoi st 
an average of 0.53 repetitions would be required for the 5-% level. Application 
this latter test would leave our conclusions virtually unchanged, it, 4) 

These levels of repetitions vary around 50% (see Thorndike, p. cit., 4). 

LI 
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might be tempted to conclude that the repetition of rewarded responses is 
not affected by performance-instructions. Further analysis shows, however, 
that such is not the case. 

Examination of the row-averages of Table I reveals that the more posi- 
tive the instructions for repetition of punished responses, the higher the 
frequency of repetition of rewarded responses. This relationship is highly 
significant (F = 10.67, df = 2 and 171, P < .001). We ascribe this 
finding to the operation of a general repetitional set. The degree of this 
general repetition set is determined by the nature of the performance- 
instructions for the punished responses. Punished responses comprise, of 
course, the great majority of the responses given during the training series. 
It is ‘plausible, therefore, that S’s general readiness to repeat responses 
given during the training series is influenced by the instructions he is given 
for the punished responses. To the extent that $ is set to repeat punished 
responses, he is ready to repeat most of his responses, including willy-nilly 
rewarded responses. 

We now turn to a consideration of punished responses (Table II). 
Testing for significant deviation from a chance level of repetition, we 


TABLE II 


Avurace Number or Punisuep Responses REPEATED BY THE VARIOUS 
EXPERIMENTAL GROUPS 


Instructions for 
R 
es warded responses 

vy ; R, Ro R * Totals 
Fi 5-75 IV 5.25 VII 5.30 5.45 

we Il 4.05 V 2.40 VIII 3.45 3.30 

i TIT 2.25 VI 3.30 IX 2.65 2.75 
Totals 4.02 3.65 3.80 3.82 


find that for all the conditions punished responses are repeated above chance 
at the 5-% level or better. This finding agrees with the results obtained 
by Thorndike but not with those of Wallach and Henle. 

Table II gives additional strong evidence for the importance of the 
general repetitional set, The more positive the instructions for repetitions of 


“Tn determining the number of repetiti igni i 
d petitions significantly different fi hance 
for punished responses, the same procedure was used as di is case 53 ievaried 
ET By the one-tail test, 2.27 repetitions are required. Condition III barely 
“ae ie in MEET Pu 2.25, fesponses If the two-tail test is used, an average 
f 2. t equired. The one-tail test is appropriate if signi - 
tition of punished, responses is predicted on the basis E he lay 4 t xe 
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punished responses, the higher is the level of repetition of such responses. 
“It is interesting to note that indeterminate instructions (W/,) act much more 
like negative than positive instructions. The variance due to instructions for 
punished responses is highly significant (F = 13.60, df = 2 and 171, P < 
.001). Examination of the column averages of Table II shows that the 
"frequency of repetitions of punished responses is independent of the 
performance-instructions for rewarded responses.** 

In general, then, rewarded responses are repeated at a higher than chance 
level. The level of repetition is, however, importantly influenced by per- 
formance-instructions. The critical instructions are those for punished re- 
sponses, ;.e., the instructions which refer to the majority of the responses in 
the list. Punished responses too are repeated at a higher than chance level. 
Again the level of repetition varies significantly with the instructions. Since 
instructions for punished responses influence the repetition of all responses 

in the same way, we conclude that the action of rewards and punishments 
is modified by the operation of a general repetition set. 

Differential effectiveness of rewards and punishments. Regardless of the 
overall level of repetition of responses within a given condition, is the 
proportion of repetitions higher for rewarded than for punished responses? 
(It will be remembered that both types of responses tended to be repeated 
at a better than chance level.) That is, do our data present evidence for the 
differential effectiveness of rewards and punishments? To answer these 
questions, the weighted mean difference between the repetitions of the two 
- Classes of responses was determined for each of the conditions, The 
Weighting consisted of multiplying the number of rewarded responses 
repeated by six since there were one-sixth as many opportunities to re- 
peat rewarded responses as there were to repeat punished ones. Table III 
lists the weighted mean differences for the various conditions and indicates 
their significance, For all conditions combined, rewarded responses are 
fepeated more frequently than punished ones at a high level of significance 
(P < .001). In the absence of instructions to learn during the origiffal 
training, rewards were significantly more effective than punishments, just 
as they are under conditions of intentional learning. 

The differential effectiveness of reward varies, however, from condition 
to condition. Rewarded responses are repeated significantly more often than 
- Punished ones if, and only if, neither of the performance-instructions is 


* B n . 
"There was no significant interaction between the instructions for punished 
Iesponses and the instructions for rewarded responses. The same is true for the 
- Tésults presented in Table I. € x 


Thorndike, op. cit., 1933, 200. © 
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negative (Conditions I, II, IV, and V). If either of the performa: 
instructions is negative (że. for all the remaining conditions), rewa 
and punishments have no differential effects. The difference between th 
two groups of conditions is highly significant (F = 9.30, df = 1 and 1 
P « .001). 

A literal application of Thorndike's hypothesis concerning the autom 
effects of satisfiers would demand that rewards be equally and significa 
more effective than punishments for all conditions. We say equally effe 
because the conditions of reinforcement during training were identical fc 
all conditions. Thorndike had, however, recognized that the automatic ac 
tion of rewards may be modified by S's attitudes and sets.!* 

Our finding is that rewards are differentially effective if (a) there is 
explicit instruction against repetition of rewarded responses and (b) if 
instructions for punished responses do not produce a set against repeti 


TABLE III 


Weicutep Mean DIFFERENCES BETWEEN THE AVERAGE NUMBER or REWARDED 
AND PuNisHED REPEATED BY THE VARIOUS EXPERIMENTAL GROUPS 


Rewarded responses 


f Signcant at the A level 
We will now attempt a tentative interpretation of this finding. Let us ass 
that rewarded associations are, on the average, stronger than punis 
ones but that the distributions of associative strengths overlap. To dem 
strate this difference in associative strength a certain minimal number! 
the two types of responses must be sampled. It is only when neither pel 
formance-instruction is negative that a sufficient number of responses. 
sampled to bring out the average difference in the associative strength € 
rewarded and punished responses. f 

Recall of rewarded and punished responses. The experimental gro 
were tested for recall of their original responses immediately following th 
test-series and also attempted to identify the rewards and punishments. 

a Recall-Control Group was given the recall-test immediately after the 
ing series. The average numbers of rewarded and punished respos 


n- 
" Thorndike, op. cit, 1932, 114 f. 
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recalled by the various groups are presented in Table IV. There are no 
significant differences among individual conditions or conditions grouped 
according to performance-instructions in the number of responses recalled. 
The experimental groups do not differ significantly from the Recall-Control 
Group. This lack of significant differences is found for rewarded re- 
sponses, punished responses and total recalls. Whereas the frequency of 
repetitions varies significantly with performance-instructions, recall does 
not. Clearly, frequency of repetition and recall are not equivalent tests of 
the effects of rewards and punishments. There are important differences 
between the test-series and the recall-situation which may account for this 
lack of equivalence. As far as the S’s task is concerned, the test-series is 
in every respect identical with the training series; he responds directly to 


TABLE IV 


Averace NuMBER or Resronses RECALLED BY THE DIFFERENT EXPERIMENTAL 
Groups anp THE Recatt-Conrrot Group 


5 Average number recalled 
xperimental Instruction 
Groups rewarded punished total 
I RW 1.05 5.40 6.45 
II R, Wo 1.20 6.00 1720; 
m RW- E 4.00 4.85 
IV RW. 1.15 5.40 6.55 
V RoWo 1.30 4.15 545 
VI RW. 1.00 4.60 5.60 
VII RW, 1.30 6.30 7:60 
VIII RW 1.30 6.60 Le 
IX RW. 1.00 5.00 d 
All 1.13 5.27 6.40 
Recall Control 1.10 5:33 6.45 


the stimulus-words, In the recall-test, S's task is altogether different: he 
does not respond to the stimulus-word directly but rather attempts to re- 
Construct his own past responses as well as the reinforcements given by E. 
The performance-instructions are relevant to what $ must do during the 
test-series but are not relevant to the recall-task, It is not surprising, then, 
tha® performance-instructions influence repetitions but no recall.” We are 
Not asserting, of course, that repetitions and recalls are altogether inde- 
pendent of each other. The essential point here is that only repetitions are 
Significantly influenced by performance-instructions. 


" The interpolation of the test-series between training series and recall-test may 
pe rovided opportunities both for rehearsal and for retroactive interference. The 
let effect appears to be negligible. A A y 

“There were no differences among conditions in the number of intrusions 2 
test-series to recall-test even though there. were , considerable differences in the 
number of repetitions in the testseries. This finding lends indixect si port to 
our inference that Ss reacted differentially to the test-series and the regall-test. 
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Differential recall for rewarded and punished responses, Are rewat 
responses recalled relatively more frequently than punished ones? Summing 
all conditions, we find that an average of 1.13 or 37.7% of rewarded 
responses are recalled, and 5.27 or 29.3% of the punished responses, 
Using the same weighting procedure as before to equate the two classes of - 
responses for opportunities of occurrence, we find that rewarded responses” 
are recalled significantly more often than are punished ones (t = 1.96, 
df = 179, P = .05).*° Our findings here differ from those of Wallach 
and Henle who found the level of recall for rewarded and punished re- - 
sponses almost identical. The general level of recall was, however, higher 
in our experiment than in that of Wallach and Henle. As in the case of — 
repetitions, a high level of responding may be necessary to bring out the 
differential effectiveness of reward. L. 

It is difficult to choose between several alternative interpretations of this 
finding, after the fact. In this type of experiment, Thorndike has not 
explicitly addressed himself to the problem of recall, but the general tenor 
of his analysis suggests that rewards should differentially strengthen both 
repetitions and recalls? Application of Tolman’s principle of emphasis - 
would also predict these results. Rewards, it has been asserted, are more 
effective emphasizers than punishments.?? Hence $ acquires more informa- 
tion about correct than about wrong sequences of word-number during the — 
original training. Finally, the Kóhler-Restorff hypothesis concerning the 
effects of perceptual isolation on retention would also require the superior — 
retention of the spaced infrequently rewarded responses? The reader. 
must choose among these alternatives according to his convictions. 

Relation between recall and repetition, Performance-instructions signifi- 
cantly influence repetitions but not recall. The question remains to what. 
degree repetitions and recalls are associated within conditions. Let us assume 
that most of the responses which the $ can reproduce on the recall-test 


were also available to him during the test-series, Such an assumption is, — 
€ 


warded responses will 
"The Law of Effect wou! 


ber, a very different mat 
2 


Psychol., 15, 1932, 601-614. 
^H. von Restorff, Ueber die Wirkung 
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to be sure, hazardous but receives some indirect support from the fact that 
there are no differences in recall between the experimental groups and the 
Recall-Control Group. The effects of performance-instructions should then 
produce the following correlations between number of repetitions and 
number of recalls. When performance-instructions are positive, we should 
expect a high degree of association between repetitions and recalls since 


TABLE V 


ConnzLATIONs Berween THE NuMBzns or Rereritions AND Recatts or REWARDED 
RESPONSES BY THE VARIOUS EXPERIMENTAL GROUPS 


Instructions for 
Rewarded responses 
Punished — 
responses R; Ro R Totals 
W. I E7 IV 3 VIL .58 .69 
Wo II .56 Vv 59 VIII +43 E 
w- Ill 28 VI 28 IX E .26 
"Totals 55 -56 45 52 


S would be motivated to repeat all the responses he recalls, When per- 
formance-instructions are negative, the correlations should be low since $ 
would be motivated not to repeat all the responses he recalls, By the same 
token, indeterminate instructions should produce an intermediate degree of 
correlation. Table V shows for the various conditions the correlations be- 
tween repetition and recall of rewarded responses. Table VI presents the 
same information for punished responses. In averaging correlations for 
TABLE VI 


CorreLations Between THE NUMBERS OF Repetitions AND Recalis or PUNISHED 
Responses BY THE VARIOUS EXPERIMENTAL GROUPS 


Instructions for 
P Rewarded responses 
unished 
responses R, Ro Rs TM 
W. 1.86 IV .86 VI 4 1 
Nw. II «70 V .70 VIII .59 ra 
w- III 6o IV 48 IX .19 E 
Totals 74 qi EL -64 


the different instructions (row and column averages), Fisher's z-trans- 
formation was used. All the correlations are positive, indicating that in 
general recall and repetition tend to be associated, There are, however, 
important differences among conditions. : " 

Let us first consider the correlations between repetition and recall of 
tewarded responses. The performance-instructions for rewagded responses 
have only a small and insignificant effect on the size of these correlations 
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(column averages in Table V). The instructions for punished respon 
have a larger and significant influence on the correlation between repeti- 
tions and recalls for rewarded responses (row averages in Table V).% 
This finding is entirely consistent with the results presented in Table I 
The pattern of correlations confirms our hypothesis of a general repetitiona | 
set determined by the instructions concerning the punished responses which: 
form the majority of the series. The instructions for punished responses 
also significantly influence the correlation between repetition and recall. 
for the punished responses themselves (row averages in Table VI). In- 
structions for rewarded responses do not significantly influence the correla 
tions between repetition and recall of punished responses (column averages: 
in Table VI). These findings are again in conformity with the hypothesis of 
a general repetition set. 3 

Identification of reinforcements. On the recall-test $ was required to” 
state for each response whether it had been rewarded or punished during 


TABLE VII 


Averace NUMBER or Responses IpeNTIFIRD As REWARDED AND PUNISHED BY THE 
EXPERIMENTAL GROUPS AND THE RECALL-CONTROL GROUP 


Rewarded responses called Punished responses called % 


Right Wrong Right Wrong 

I RW, 1.05 1.95 1.15 16.85 

Il R,Wo 1.10 1.90 1.15 16.85 

In DN 1.00 2.00 1.25 16.75 

1v RW, -95 2.05 1.65 16.35 

v RW» E 2.30 1.50 16.50 

VI RW. E 2.25 1.20 16.80 

VIT ROW. 55 2.45 1.30 16.70 
VIII R-Ws .6o 2.40 1.65 16.35 

IX R.W- 1.05 1.95 1.35 16.65 

All .86 2.14 1.36 16.64 
Recall-Control "85 Bae i A. 


the training series. Table VII shows for all experimental conditions as well” 
as for the Recall-Control Group the average numbers of correct and in- 
correct identifications of rewards and punishments. We note first of all - 
that on the average 2.21 responses were called rewarded and 18.79 we 
called punished. Clearly, the Ss remembered that the large majority of 


responses as punished was necessarily high: on the average 16.62 of th 1 
18 punished responses were correctly identified. The identification of the 


EJ D * 
In testing for significance of’ differen i 
Hon wis A ed. ces between correlations, the z-transform: 
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rewarded responses was much less accurate. On the average, only 0.86 
of the three rewards were correctly identified. 

Even though accuracy in the identification of rewards is rather low, 
further analysis shows that the errors of identification are not entirely 
haphazard. The position in the original training series of each response 
called rewarded by S with respect to the response actually rewarded 
was determined, (It will be remembered that the rewards were so 
spaced in the series that each reward was preceded and followed by 
three punished responses.) When the average frequency with which 
responses were called "Right by S is plotted against distance from the 
rewarded response, the gradient shown in Fig. 1 results. The largest number 
of identifications is given for the actually rewarded response, and fre- 


1.00 
——* Experimental Groups 


*0 Recall-Control Group 


Number Recalled as Right 


Av. 


-3 -2 =l o +1 +2 +3 
Distance from Rewarded Item 


Fic. 1. AVERAGE NUMBER OF RESPONSES CALLED “RIGHT” AS A FUNCTION OF 


DIsTANCE FROM REWARDED RESPONSE 


quency of incorrect identifications varies inversely with the distance jn the 


original training series from the rewarded position. This gradient of identi- 
fication of rewards may be ascribed to the formation of remote associations 
between the reward and stimulus-words preceding or following the re- 


warded pair in the training series.’ The greater the distance from the 
remote associations to be formed. 
positions is 
highly significant (F = 37.59, df = 2 and 1074, P < 001). The difference 


ards was reported by d. Nuttin, ‘Spread’ 
ard: 1949, 690-699. 1 


_ "A ‘spread of effect’ in the recall 
in recalling failure and success, J. Exper. P: sycholy 39, 
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between positions 1, 2, and 3 (combining those preceding and following 
the reward) are also significant at the 5-% level or better.?* 

The differences between conditions in the identification of reinforce- 
ments are quite small and not significant. It is of particular interest to 
note that the average scores of the Recall-Control Group are almost 
identical with those of the combined experimental groups. Like recall, 
identification of rewards and punishments is independent of performance- 
instructions. These instructions are relevant to repetition only; they are 
no more relevant to the task of identifying rewards and punishments than 
they are to recall. 

Evidence for strategy. So far the analysis of Ss’ performance has pro- 
duced evidence for the effectiveness of reward and for the operation of a 
general repetitional set. Can we, in addition, find any evidence for deliber- 
ate strategy on S’s part to differentiate between rewarded and punished 
responses and to conform to the performance-instructions ? 

If there were such differential strategy, its manifestations are in general 
difficult to separate from the possible ‘automatic’ action of rewards and the 
operation of a general repetitional set. For example, a deliberate strategy 
to repeat rewarded but not punished responses in Condition III (R, W_) 
may be ‘canceled out’ by a generalized set not to repeat responses. In addi- 
tion, the general tendency to repeat both rewarded and punished responses 
at a better than chance level limits the opportunity for demonstrating the 
operation of differential strategy. 

There are, however, certain combinations of circumstances in which 
critical tests for the presence of deliberate differential strategy seem possi- 
ble. We refer here to comparisons between cases in which Ss correctly 
identify the reinforcement and cases in which they fail to do so.. 

Consider as an illustration two Broups of rewarded responses reproduced 
correctly in the recall test by Ss in Condition IIT (R, W_). One of these 
groups of responses is correctly identified as rewatded, whereas the other 
group is not, ie. is identified as punished. As far as $'s performance is 
determined only by the ‘automatic’ action of reward and a general repetition 
set, both groups of responses should be equally likely to be repeated. If, 
however, S pursues a deliberate differential Strategy, he should repeat 
more of the responses identified as rewarded. Thus, evidence for or against 
differential strategy must be sought by an analysis of the interaction between 
revall, identification of reinforcement, and repetition. 


™ In testing the significance of -differences between adjacent positions, we used 


the procedure déveloped by J. W. Tuk ing indivi i 
analysis of variance, pos 5, 1949, mie ee UD p in, ihe 
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For purposes of this analysis we consider only responses that are correctly 
reproduced on the recall-tests. This limitation was imposed on the assump- 
tion that only responses recalled by $ could be successfully used in the 
pursuit of a differential strategy." For all such responses we then ask 
the questions whether correct identification of the reinforcement enhances 
conformity with instructions as compared to incorrect identification. 

Such an analysis can be carried out only for those conditions in which 
performance-instructions for the class of responses in question are explicit 
and differ from those for the other class of responses. In the case of re- 
warded responses, Conditions II (R, Wo), III (R W.), VI (R- V), 
VIII (R. W^) meet this criterion; in the case of punished responses, 
Conditions IV (R, W,), VII (R- W,), and III (R, W_) and VI (R, W-) 
meet this criterion. Table VIII shows for rewarded responses that had 


TABLE VIII 


RELATION BETWEEN IDENTIFICATION OF REINFORCEMENT AND REPETITION 
ror Rewarpep Responses Correctiy RECALLED 


Called right by S Called wrong by S 
O ie Instruction No. No. No. M 
TOUps responses responses responses resi 

repeated not repeated not 

repeated repeated 
I RAW, n 4 4 4 
Ul RW. E 4 o 8 
Total Ry 17 8 4 n 
VII RW. 4 5 12 5 
VIII ROW. 4 9 6 1 
2 Total R- 8 14 18 12 


been correctly reproduced in the recall-test the relationship between identi- 
fication of the reinforcement by the Ss and repetition. Table IX presents 
the same information for punished responses. Since the numbers of cases 
which meet our criteria of selection are small, we present straight frequen- 
cies of occurrence of responses and do not attempt any statistical evalua- 
tion. In this case, our guesses concerning the significance of the results 
must rest on the internal consistency of the data. ; 
Examination of Tables VIII and IX shows that in general conformity 
with the performance-instructions varies with the Ss’ identification of the 
reinforcement, If performance-instructions for rewarded responses are 
Positive, the rewarded responses which are correctly identified are repeated 
Se te ERES ee 


- z itati correctly re- 
As before, we assumed, not without hesitation, that responses ré 
Produced on the pe res S at least in the majority of the cases, also avail 
able to the Ss during the test series. . 
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relatively more often than those which are not correctly identified (Table 
VIII). When the performance-instructions for rewarded responses are 
negative, the rank order of repetitions is reverse. The relationship is less 
clear-cut in the case of punished responses since the great majority of the 
punished responses was correctly identified (Table IX). 

The association between recall, identification of reinforcement, and repe- 
tition lends some support to the view that $ attempts to pursue a deliberate 
differential strategy in carrying out his instructions, This conclusion is neces- 
sarily tentative since there was only a small number of responses from which 


TABLE IX 


RELATION BETWEEN IDENTIFICATION OF REINFORCEMENT AND REPETITION 
FOR Puxisaen Responses Correctiy RECALLED 


Called Wrong by S Called right by S 
Experimental Instruction No. No. No. No. 
Group responses responses responses responses 
repeated not repeated not 
repeated repeated 
Iv W4Ro 69 30 5 4 
VII WR- 66 45 9 6 
Total W, 135 T 14 10 
III W.R, 18 59 1 5 
MI W_Ro 33 54 2 3 
Total W_ 51 113 3 5 


unequivocal evidence for differential strategy could be obtained. In any 
event, such strategy could not possibly account for all the variations in 5's 
performance in view of the positive evidence for the operation of a general 
repetitional set and the ‘automatic’ action of reward. 


Discussion 

Two points are clear: (1) the Ss do learn both rewarded and punished 
word-number sequences in the absence of instructions to learn; (2) the 
performance-instructions given before the test significantly influence per- 
formance, These findings confirm the importance of the conceptual distinc- 
tion between learning and performance and demonstrate the relevance 
of this. distinction to the róle of reinforcement in verbal behavior. At the 
same time, our results point to important limitations in the applicaion of 

this distinction. 
^ In the analysis of the principles governing learning and performance 
two assumptions are frequently made: (1) that rewards and punishments 
function only 2s perceptual emphasizers and do not establish dispositions 
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to respond in specific ways,*® and (2) that once an organism has learned 
he will use his knowledge ‘sensibly’ in accordance with the demands of 
the situation.?? These assumptions may be correct in some situations but it 
seems to us that they exaggerate the differences between the conditions of 
learning and performance. We have clear evidence in our results that 
rewarded responses are repeated at a better than chance level even though 
performance instructions do not call for such repetitions. In fact, we find, 
as Thorndike did, that punished responses too are repeated at a better than 
chance level, as if by virtue of their sheer occurrence? Rewards are, 
however, in general more effective than punishments. The general picture 
that emerges is that of performance-instructions modulating, over a wide 
range, what appear to be automatic effects of reward and exercise. 

As we have pointed out repeatedly, the effects of instructions cannot 
be fully understood in terms of a deliberate differential strategy pursued 
by the $. While there is some tentative evidence for such strategy, the single 
most important performance-effect is the operation of general repetitional 
sets, Instructions concerning the relatively more numerous punished re- 
sponses influence the level of repetition of both rewarded and punished 
responses. A logical analysis of what the sensible course of action is for 
S surely would not have predicted this result. Such principles of perform- 
ance must, it appears, wait for empirical discovery. 

The question has often been raised whether the law of effect is a law 
of learning or a Jaw of performance. On the basis of our analysis we must 
conclude that it is both, This conclusion is dictated by the experimental 
facts thus far obtained; it may have to be revised when the principles of 
performance are further understood. : 


SUMMARY 

The distinction between learning and performance is of critical impor- 
tance for the theoretical analysis of the effects of reinforcement. The experi- 
mént reported in this paper applies this distinction to a situation which 
has often been used to test Thorndike's law of effect—the learning of word- 
number associations under differential reinforcement. The experiment was 
designed to answer two questions: (1) Does learning take place even 
though S is not motivated to learn, ie. under conditions which make the 
tewards and punishments irrelevant to S’s task? (2) If learning does take 
place under such conditions, do different instructions concerning repetition - 


~ Tolman, Hall, and Bretnall, op. cit, 609-614. 
to Wallach and Henle, op. cit, 1941, 348 f t 
Thorndike, op. cit., 1932, ch. 11. « 
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of rewarded and punished responses produce significant variations in per- 
formance? 

A series of 25 three-letter words was presented to our Ss with instructions . 
to respond with a number from 1 to 10. There were a training series and 
a test-series. Prior to the training series the Ss were informed that the 
experiment tested success in extra-sensory perception and that the numbers 
assigned to the words would vary at random from series to series. Re- 
sponses in positions 6, 13, and 20 were arbitrarily called ‘Right’ during 
the training series, all other responses were called ‘Wrong.’ The list of 
words was then repeated for the test-series, but in a different order. Prior 
to the test-series, the experimental groups were given different instructions 
designed to manipulate the Ss’ motivation to repeat or not to repeat re- 
sponses rewarded or punished during the test-series. Different groups were 
informed that, for the test-series, rewarded or punished responses, or both, 
would (a) be correct, (b) be incorrect, or (c) might or might not be cor- 
tect. Each of nine experimental groups received one of the possible com- 
binations of instructions. Following the test-series, a recall-test was given 
on which the Ss recalled the responses they had given during the training — 
series. The Ss were also required to recall whether their responses had been 
rewarded or punished. A Recall-Control Group was given a recall-test im- 
mediately after the training series. 

Analysis of the Ss’ repetitions and recalls of the numbers rewarded and 
punished during the training series yielded the following conclusions. 

(1) Both rewarded and punished responses are repeated at a better than 

chance level under most conditions, even when performance-iastructions 
do not call for such repetition, 
i (2) The level of repetition is significantly influenced by performance- 
instructions, The critical instructions are those for punished responses 
which refer to the majority of items in the list. The more positive the 
instructions for punished Iesponses, the higher the level of repetition of 
both rewarded and punished responses. These effects of performance “in- 
structions are interpreted as evidence for a general repetition set. 

( 3 ) Rewarded responses are repeated relatively more often than are 
Punished responses. This difference is significant if and only if there is no 
instruction against repetition of rewarded responses and if the instructions 
js Ls RE are not negative. The differential effectiveness of 
T Jj junction with the better than chance repetition of rewarded 
responses under most conditions, is in agreement with Thorndike's hy- 
pothesis of the ‘automatic’ action of reinforcement. 
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(4) There is no difference among the experimental conditions in the 
number of responses correctly recalled, nor are the experimental groups 
different from the Recall-Control Group. Performance instructions influence 
frequency of repetitions but not recall. 

(5) Rewarded responses are recalled relatively more frequently than 
punished responses. 

(6) There is in general a positive correlation between the number of 
responses repeated and recalled, The size of the correlation varies, however, 
with performance-instructions. The stronger the repetitional set (induced 
by instructions for punished responses), the higher is the correlation 
between repetition and recall. 

(7) A smaller percentage of rewards than punishments is correctly 
identified. There is no significant difference among the experimental groups 
in the accuracy with which reinforcements are identified, nor do the experi- 
mental groups differ from the Recall-Control Group in the accuracy of 
identification. 

(8) There is a gradient in the identification of rewards. The largest 
number of identifications occurs for the actually rewarded response. The 
frequency of incorrect identifications varies inversely with the distance from 
the rewarded response. 

(9) There is some evidence for a deliberate strategy on the part of the 
Ss to differentiate between rewarded and punished responses and to conform 
with the performance-instructions. The effectiveness of such a strategy is 
necessarily limited by the ‘automatic’ action of rewards and the influence of 
general repetition sets. 

The most general conclusion from the results of the experiment is that 
petformance-instructions modulate, over a wide range, the effects of rein- 
forcement and exercise. The distinction between learning and performance 
is clearly relevant to the analysis of the réle of reinforcement in verbal 


behavior. 
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THE EFFECT ON CRITICAL FLICKER FREQUENCY OF 
INTEROCULAR DIFFERENCES IN INTENSITY 
AND IN PHASE RELATIONS OF 
FLASHES OF LIGHT 


By GARTH J. THoMas, University of Chicago 


effect on critical flicker frequency (CFF) of various phase relations of the 

. flashes of light presented to the two eyes and the effects of interoculat 
differences in intensity.‘ He was interested in determining whether the 
nervous system followed the same laws of integration on the sensory side 
as his investigations of spinal reflexes had indicated for the motor side and 
as was implied by Cajal’s theory.* Cajal had postulated what he called 
‘isodynamic’ cells in the cortex on which excitation from corresponding 
points in the two retinas converged. The function of these isodynamic cells 
represented the basis of unified binocular vision. Sherrington found the 
effects of the experimental variables in his study on CFF to be very slight 
and insignificant, and he concluded, contrary to Cajal's theory, that binocu- 
lar perception results from the combination of “already elaborated uniocular 
sensations contemporaneously proceeding.”* He suggested that the phe- 
nomena of binocular fusion take place psychically and are not based on a 
physiological mechanism analogous to the integrative pool of neurons at 
the entrance of final common paths in the motor system. 

‘The purpose of the present study is to determine the effects on binocular 
CFF of differences of illumination on corresponding areas of the two eyes 
and a comparison of in- and out-of-phase flashes, with stimulus-lights 
of two sizes and each located centrally and peripherally on the retinas. 


* Accepted for publication September 15, 1953. This work was supported in 
part ie Medical Research and Development Board, Office of the Surgeon Gen- 
eal epartment of the Army, Contract No. DA-49-007-MD-36, In the early stages 
AT study was supported by a grant from the Dr. Wallace C. and Clara Abbott 

emorial Fund of the University of Chicago. I wish to express my appreciation for 
the assistance of Mr. Wallace Welker and Mr. Theodore Schaefer. 

5 PGS: Sherrington, On binocular flicker and the correlation of activity of 'cor- 
us retinal gute mu [SR 1, 1904, 26-59. 
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Sherrington, The Integrative Action of the Nervous System, 1906, 354-386. 


In a classic experiment published in 1904, Sherrington investigated the 
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Sherrington investigated the effects of differences in interocular phase of flash 
“and the effects of a steady light in one eye on CFF, but he did not determine these 
“interocular effects over wide ranges of stimulus-intensity at retinal locations other 
C than foveal, or with stimuli of various angular subtense. He reported critical rates 
as high as 90-120 flashes per sec. In terms of subsequent experimental evidence 
" regarding maximal critical rates, these figures are too high (almost by a factor of 
7 two), suggesting that considerable instrumental error must have been involved.‘ 
In their investigation of Fechner's paradox, De Silva and Bartley found that proc- 
esses from the more dimly illuminated eye seem to subtract from the magnitude 
of the process in the more highly illuminated eye when they are integrated in the 
“central cyclopean retina If the cyclopean image is a fusion of already elaborated 
- uniocular sensations proceeding independently, as Sherrington concluded, and if 
brightness is a function of intensity independent from flicker discrimination, as 
Crozier and Wolf have argued, then the dimmer half-image should have no effect 
on the brighter half-image as regards CFF." 

The different sized targets at central and peripheral retinal locations were in- 
troduced to tap differential proportions of the duplex receptor-system. One might 
surmise from present knowledge that in the function of the binocular system, foveal 
cones and their associated central processes play a more important rôle in binocular 
integration than does the more diffuse periphetal system. The fovea-periphery 
"gradient of the size of Panum's fusional areas,’ and the chronic nystagmus and 
| poor binocular fusion in some types of total color blindness in which functional 
cones are apparently lacking suggest such a notion? 

The third variable, phase of flash, was introduced to determine how its effects 
- would manifest themselves as the two half-images approach equality in intensity. 
—— Several recent studies have shown that synchronous flashes of equal intensity in the 
two eyes yield higher CFF than that obtained with alternate flashes or with uni- 
— ocular regard? One would not expect phase of flash to have any effect when the 
retinal illuminance in the two eyes is widely different because the flash-rate of the 
- less intensely illuminated eye would be well above its CFF, If the locus of binocular 
interaction of bursts of impulses occasioned by the flashes of light is earlier in the 
“chain of cortical events than the locus of flicker fusion, one might expect phase 
effects to appear when one light is still below its CFF. 


* S. H. Bartley, Vision: A Study of Its Basis, 1941, 122-123. 2. 3 
EH e De Siva and S.H. er Summation "s subtraction of brightness in 
— binocular perception, Brit. J. Psychol., 24, 1950, 538-541. ] L9. 
W. J. Gate, and nda Wolf, Theory and measurement of visual USE 
b GU intensities for visual flicker, monocular and binocular, J. Gen. Physiol, 
1941, 505-535. 
"K.N. Ogle, Research in Binocular Vision, 1950, 64-68. 
*D. B. Judd, Current views on colour blindness, in F. P. Fischer, A. Z E 
d A. Sorsby (eds.), Documenta Ophthalmologica: Advances in Ophthalmology, 
1949, 257-258. 4 mn 
— dd H. Ireland, A comparison of critical flicker frequencies under conditions of 
- Monocular and binocular stimulation, J. Exper. Psychol., 40, 1950, 282-286; e H. 
Baker, The dependence of binocular fusion on timing of peri] eral stimuli ede 
central processes: 1. Symmetrical flicker, 2. Asymmetrical flicker, 3. Critical flicker, 
Canad. J. Psychol, 6, 1952, 1-10, 84-91, 123-130; and 151-163; and F, H. Perrin, 
A study in binocular flicker, J. Opt. Soc. Amer., 44, 1954, 60-69. © 
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METHOD AND PROCEDURE 

Apparatus, Fig. 1 shows a schematic diagram of the apparatus. Two front si 
mirrors (FSM) reflect light from a 300-w. projection-bulb (PB) into parallel 
containing lenses (the Ls) which focus images of the filament in the plane of 
sector disks (SD), The power supply for the light source was a direct curi 
generator. As the light was the only load on the DC line and the gen 
was driven by a synchronous motor, the power supply was very stable. 
bulb was always operated at 2.5 amp. After their points of focus in the pl 


mining the size, shape, and location of the stimuli in the visual field were insei 
in front of the milk glass. § views the two circular patches of light, one with 


Fic. 1. DIAGRAM OF THE APPARATUS 


eye, through two parallel, low powered microscopes (M/) which are focused qn the 
apertures in the templates and whose horizontal separation was adjustable fo 
interpupillary distance. Between the object lens of each microscope and its target 
(the metal template containing the apertures) was mounted a small box, lined with 
black flock (B) and containing a microscopic cover slip placed at an angle of 45 
to the line of sight, which served to reflect a tiny red point into each field of view 


for fixation, The fixation-points were adjustable in intensity and could be located 
anywhere in their respective fields. 


A small ae drive wheel (DW), driven by a constant speed synchronous moto 
(M), pressed against the friction plate, causing it to rotate. Continuous adj 
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ment of the rate of rotation was accomplished by moving the motor and the drive 
wheel assembly along a horizontal radius of the friction plate by means of a screw 
adjustment. Phase relations in the delivery of flashes to the two eyes were determined 
by the angular displacement on their respective axles of the sector disks relative to 
each other. Only two phase relations were used, synchronous, in-phase flashes and 
alternate, out-of-phase flashes. The rate of rotation was measured by means of a 
Weston Tachometer (TM) which had been carefully calibrated against a Strob-o-tac. 
The wedges and filters were calibrated in the apparatus with a Macbeth Illumi- 
nometer. 

Subjects. Two Ss (TS and GT) served in the experiments, Both were highly 
practiced in the observations. 

Procedure. Essentially the procedure consisted of determinations of CFF under 
conditions of binocular and uniocular regard and with variable differences in illumi- 
nation on corresponding areas of the two eyes. CFF was determined by a modified 
method of limits in which the flash rate was set well above fusion and then reduced 
by small steps, delivered at $'s signal, until he indicated he had detected flicker. 
5 signaled by pressing microswitches held in his hands which turned on the lights 
on the control panel. The movements required to press the switches were slight and, 
as S's elbows were braced on a support, the signaling response did not noticeably 
disturb the orientation of his head and eyes. $'s head was held in position by biting 
on a dental wax impression of his teeth and by a support pressing against his 
forehead. Great care was taken to align S's head that beams from the exit pupils 
of the microscopes were centered in the pupils of his eyes. Thresholds were taken 
with circular stimuli of 6° and 2.2° angular subtense, both with central fixation 
and viewed in the periphery. For peripheral stimulation the targets appeared in the 
lower left quadrant of each visual field, 10° from their centers to the fixation-points. 
The two stimuli and their associated fixation-points were located on corresponding- 
retinal areas and therefore were seen as fused in binocular regard. With each size 
of target and retinal location thresholds were taken with flashes in phase and 
Out of phase in the two eyes. 

For each condition the stimulus in the right eye was fixed in luminance at an 
intermediate level on the log I scale, and the flicker threshold of that eye was 
determined from time to time during the course of a day's run. The light in the 
left eye was of variable intensity and at each level flicker thresholds were measured 
with both uniocular and binocular regard. The light-to-dark ratio was one. Before 
cach experimental session, $ was dark adapted. Settings of the level of luminance 
of the variable (left) light always progressed from lower to higher, and a shirt 
Period of time for light adaptation was allowed at each new level, CFFs of the 
right eye alone at an intermediate level of luminance, of the left eye alone at 
Various levels of luminance over a range of about 6 log units, and with both S 
at each level of luminance of the left light were all determined at one session. 


RESULTS AND DISCUSSION 


Fig. 2 and Table I show the results for both Ss with the 6° target 
centrally fixated. The values on the ordinate are flashes per second and on 
the abscissa, flash luminance in log millilamberts. The solid circles represent 
the CFF contour for the left eye alone. The solid line was fitted hy inspec- 
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tion. The square near the center of the curve represents the log luminance 
of the stimulus and the corresponding CFF for the right eye alone, The 
open circles connected by dashed lines represent CFF with binocular regard, 
and are plotted in terms of the luminance of the left stimulus. The binocu- 
lar thresholds on the two upper graphs were taken with in-phase flashes 
in the two eyes, and on the two lower ones with out-of-phase flashes. 
Every point on all graphs represents the mean of five determinations. 
Evidence for binocular interaction is shown by the discrepancy between 


TABLE I 


Caruricat Fricker Frequency As A Function or Loc LUMINANCE FOR Lert AND 
Ricut Eves Aone Anp For Bors Eves WITH IN- AND Out-or-PHASE FLASHES 
(6° target, central fixation) 


Results of TS Results of GT 
In phase Out of phase In phase Out of phase 
Vy eae ee Log Imt 
left both left both left both left both 
—4.160 11.3 30.0 10.0 28.5 —2.176 I0.1 31.2 10.2 30.8 
1.914 11.4 30.2 10.2 28.6 —1.734 11.4 31.4 12.0 30.7 
—1.322 12.9 29.9 12.3 28.3 —1.320 12.4 31.7 12.0 30.2 
—0.917 13.2 29.7 13.1 28.8 —0.947 12.9 31.3 14.2 3LI 
—0.581 15.5 29.6 14.7 28.5 —0.608 16.1 31.6 15.2 30:9 
—0.016 22.4 30.6 21.3 29.3 —0.025 24.5 31.4 21.6 312 
0.430 27.5 31.2 25.5 29.8 0.417 30.2 32.6 28.7 30.9 
0.726 341.2 33.0 30.2 29.4 0.643 32.0 35.0 31.8 314 
0.823 321.4 33.9 31.7 30.5 0.833 34.1 34.8 32-4 ILA 
1.227 36.6 36.1 36.0 33.9 1.204 38.3 36.8 35.4 34-2 
1.563 41.0 40.1 39.8 37.8 1.543 40.8 19.5 39.5 372 
2.086 46.1 44.9 43.6 43.7 2.069 45.9 42-9 43-8 43-2 
2.532 51.2 49.1 49.2 47-4 2.512 49.5 47:4 47-9 467 
2.923 56.0 53.7 53-4 51.2 2.9217 $2.1 49.7 ' 50-7 50-3 
3.99 — 56.7 54.7 55.4 52.7 3.298 51.8 49.5 51.9 492 
3.665 56.6 54.2 542 512 3.638 49.5 41.9 53-7 507 
ra fies eye alone: Right eye alone: 
nL = 0.758 Log Imz (in-phase)=0.674 
ae Cech 31.3 CFF (in-phase)= 33.4 
(out-of-phase)= 30.0 Log Imz (out-of-phase)=0.776 
Ly CFF (out-of-phase)= 32. 1 


binocular thresholds and the thresholds for the more intensely illuminated 
eye alone. If the processes from homonymous hemiretinas do in fact 
function independently with regard to the discrimination of flicker, binocu- 
lar thresholds would be the same as the uniocular thresholds of the more 
intensely illuminated eye. For about three log units on the abscissa from 
the left, the right stimulus was the more intense. If for binocular regard, 
the critical flash rate were indeed determined by the more intensely illumi- 
nated eye, she points should cluster around the horizontal line running 
from the square to the ordinate. To the right of the square, the left stimu- 
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lus was more intense than the right and there should be no consistent 
difference between the uniocular (solid circles) and the binocular (open 
circles) thresholds. Instead, there is a consistent subtractive or damping 
effect of the more dimly illuminated eye on the brighter as regards the 
detection of flicker using both eyes, Ze. a steady dim light in one eye 
decreases the sensitivity of the corresponding area of the other eye for 
detection of flicker. Phase of flash has a differential effect only when the 
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FLASHES im PHASE FLASHES IN PHASE. 


CFF 
e| 
H 


FLASHES OUT OF PHASE FLASHES OUT DF PHASE 
© LEFT EYE ALONE 

O BOTH EYES. 

O RINT EYE ALONE 


LOG Imt 


K Fic. 2. CFF As A FUNCTION OF LoG LUMINANCE : 
(6° target; central fixation; results of TS to the left, of GT to the right) 


intensities of the two half-images approach equality. Flashes in phase in 
the two eyes yield higher CFF than do flashes out of phase. os 
Fig. 3 and Table II show similar results for the smaller stimuli (2.2 
subtense), centrally fixated. The magnitude of the subtractive effects ap- í 
pears, however, to be less, especially for values of lower luminance. For 
both Ss, when the left light is dimmer than the right, binocular thresholds 
are essentially the same as the uniocular threshold of the mòre intensely 
illuminated eye. In the upper halves of the curves, where the left light is 


G 


638 THOMAS 


more intense than the right, there is a consistent small depression of CFF 
with both eyes as compared with CFF of the left eye alone. 

With 6° targets located 10° peripherally from the fovea, the subtractive 
effect is more clear-cut but more irregular as shown in Fig. 4 and Table III. 
Results for the 2.2° stimulus in the periphery (Fig. 6, Table IV) are 
similar to those with the small stimuli viewed in central fixation in that 
at lower intensities there is no consistent subtractive effect, but there is a 
more marked effect at higher intensities. The last few points which start 
to rise again on the curves for TS are most certainly artifacts due either 


i TABLE Il 


CuuricAt. Fucker Farquency as A Function or Loo Luminance ror Lert AND 
Riou Eves Arone anp rox Born Eves Wirt Ix- AND Our-orpnase Frasnes 
(2.2° target, central fixation) 


Results of TS Results of GT 
Log Int In phase Out of phase In phase ~ Out of phase 
left both left — both left both left both 
-rpi e" = aad = 5.0 29.6 - Tf 
-L7M 8o 27.5 &6 27.4 8.6 30.0 5.5 28.6 
1,320 10.1. 27-6 10.3 27.7 10.8 — 29.7 93 29$ 
-0. 119. 274 123.2 97.8 13.2 29.6 119 — 299 
E wo agi 15,0 qi; 152. 28.5 16,7 E 
4 e e 20.1 4 20.7 0.0 21.5 ^ 
4 aes Ba 24.3 26.4 25.7 S 27.5 387 
9. 27.8 329.5 27.8 26.4 30.0 40.9 29.9 384 
0,855 29.0 19.6 29.2 28.0 30.8 32.6 3.7 v3 
1.904 yat y7 Ms 30.2 M3 33.8 Met 29 
“ye M4 His Me 2.9 3-5 36.5 37:7 Mw 
LE E 21 39-3 38.6 41.0 4 41,0 39:9 
3.903 aB 40.7 413. 41.0 46.2 HM 6.7 «4 
J » ` . , 4p7 — ^ . 
a HO 437 4 a 4B.6 46.7 497 480 
» Ha 44.6 43$ 4^4 $0.1 49.8 $48 506 
»68 so 49 aa g um a $50 494 
Right eye alone: Right eye alone 
Persian. [qe 
" K =30.1 
CFF eso: CFF (out-of-phase)= 30.4 ' 


to failure to maintain fixation which was very difficult and very critical 
especially at higher intensities, or to the spread of stray light, both entopic 
and within the instruments, to areas of the retina more sensitive to flickers 
thus causing the whole field to appear to flicker. 

Figs. 6 and 7 show all the results plotted in terms of the difference 
between binocular CFF and that of the more intensely illuminated eye as à 
function of the difference in luminance of the right and left stimuli. The — 
abcissas for ll graphs is the difference in log units (not the log of the 
differences) between the luminance of the stimuli in the two eyes. The 
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negative signs simply indicate that the right eye is the more intensely 
illuminated one. The zero in the middle is the point of no difference, or 
equality, of luminance in the two eyes, and the positive values indicate the 
left eye is the more brightly illuminated. The ordinates of all curves repre- 
sent the difference in flashes per second between thresholds with binoc- 
ular regard and the uniocular thresholds of the more intensely illu- 
minated eye, Positive values indicate summation, £e. binocular thresh- 
olds higher than the uniocular threshold of the more intensely illu- 


FLASHES w PHADE 


* ” g G " *" 


LOG Imt 
Fic. 3. CFF As A FUNCTION OF LOG LUMINANCE . 
12.2° target; central fixation; TS's results to the left, GT's to the right) 
minated eye; negative values indicate a subtractive or damping effect 
in which Pnl thresholds are lower than the uniocular thresholds of 
the more intensely illuminated eye. Open circles represent flashes out of 
phase; solid circles, flashes in phase. The eight individual graphs repre- 


Sent the results of the four conditions of size of target and retinal location 


for both Ss. 

The most striking fact shown by these graphs is the increased sensitivity 
for detection of flicker with flashes in phase in the two eyes as the lumi- 
nance of the two half-images approaches equality. ln every case 
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TABLE III 


CniricAL Fucker Frequency As A Function or Loc Luminance ror Lert AND 
Ricut Eves Arone AND ror Borg Eves Wits IN- AND Ourt-or-PHasE FLASHES 
(6° target, 10° peripheral fixation) 


Results of TS Results of GT 
In phase dam In phase * Out of phase 
EIL 

Loglinz left ^ both Log Imt both left both 
—2.450 15.1 27.8 —2.477 —2.4T1 a8.9 15.30. 248 
—arf6 16.9 27.7 — —2004 2,204 28.9 — 15.3 apg 
—r7M 17.6 034 —1.6 —1.763 27.7 27.3 
=1.320 18.9 34. —1347 27.6 26.9 
0.947 18.0 325.5 —0.974 26.0 26.0 
0.608 18.0 35.6 —0.635 0.735 26.0 25.7 
—0.035 19.8 36.6  —0.052 —0.052 26.9 26.6 
0.417. 27.1 239.1 0.390 0.390 28.8 as 
0,691 29.3 30.8 0.664. 0.664 27.3 29.6 38.1 
0.805 32. 33.4 0.805 0.805 29.4 30.5 30. 
1.176 348 350 - 1.176 rró 347 323 33. 
1.516 41.6 38.9 1.516 1.516 39.0 36.0 30.2 
2.049. 447 AMI 2.042 2.042 414 38.7 Ate 
2.484 — 4T7 447 2.484 2.484 45.0 36.5 D 
2.900  4T4 43-8 2.900 2.900 449 37-1 42.3 
327E 47:0 446 3.271 3.27% 42.0 38.4 39:0 
3.610 46.7 45.9 3.610 3.610 44.1 36.8 40.3 


CFF 
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oao 
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Right eye alone: 
I. 


CFF (out-of-phase) 


7e a9 


overt 
o BOTH 
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Fic. 4. CFF as A FUNCTION OF LoG LUMINANCE 


LoglmL=0.694 
ore phase) =28.6 


FLASHES IN PHASE 


FLASHES OUT OF PHASE 


=27.6 


EYE ALONE 
eves 
EYE ALONE 


(6° target; 10° peripheral fixation; TS's results to the left, GT's to the right) 
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TABLE IV 


Criticar Fucker Frequency As A Function or Loo LUMINANCE ror Lert AND 
Ricut Eves ALONE AND FOR Boru Eves Wits IN- AND Out-or-PHASE FLASHES 
(2.2° target, 10° peripheral fixation) 


Results of TS Results of GT 
oet In phase Out of phase In phase Out of phase 
mL 
left both left — both left both LogIn left both 
2,450 II.2 19.7 9.6 18.3 18.8 2.450 10.2 19.2 
2.176 10.8 18.2 10.1 18.3 20.7 2,176 11.5 18.5 
“1.734 10.7 17.9 10.9 17.8 18. —r74 11-9 18.5 
—rn3o 12.4 17.8 — 117 177 17. 1.320 13,6 20.5 
=0.947 12.1 18.3 12.6 — 18.1 18.4 EST esto A 
608 — 13.8 18.7 130 179 17.5 =o. 12.5 19.9 
=0.025 15.6 18.6 16,1 17-6 19.3 0.025 13.7 17.3 
0,417 18.4 20.1 18.5 17.9 20.4 0.417 16.8 RS 
691 — 19.9 20.6 19.4 21.8 0.691 19.4 18.2 
0.833 21.3 21.9 20.6 22.2 0.833 20.4 30.4 
1.204 — 24.0 24.5 238 24.2 1.204 26.1 24.5 
1.543 — 29.6 26.6 24.3 26.1 1543 28.4 27.2 
31.7 27.6 24.9 29.7 2 33.0 30.6 
250 3.6 27.6 24.8 32-7 2.512 38.6 35-3 
2.927 30.8 28.7 27.3 36.8 2.927 40.2 Mel 
3.298 — 33.2 30.3 28.5 36.3 3298 36.5 32.0 
3.638 34.1 344 37 35.6 3.638 40.1 — 36.6 
Right eye alone: Right eye alone: 
Log!mL=0. 410 [mz (in-phase) =0. 604 
CFF (in-phase) 218.2 CFF (in-phase) 719.9 
CFF (out-of-phase) 18.2 Log Im (out-of phase) 0.675 


CFF (outof-phase)=19.7 


FLASHES IN PHASE 
FLASHES WW PHASE 


FLASHES OUT OF PHASE 


© LEFT EYE ALONE 
© BOTH EYES 
O RIGHT EYE ALONE 


LOG Im. 


Fic. 5. CFF As A FUNCTION OF LOG LUMINANCE 


o n 
(2.2? target; 10° peripheral fixation; T$'s results to the left, GT's to the right) 
o 


' half-images, to the peak at approximately equal luminance. This fact v 
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determined with approximately equal luminance and synchronous fl 

in the two eyes are higher than either of the corresponding uniod 
thresholds or binocular thresholds with alternate flashes. Binocular thr 
olds with out-of-phase flashes tend to be the same as the uniocular thr 
olds, or in some instances, lower than either. For the four conditions. 
size of target and retinal location, in-phase flashes of approximately eq. 
luminance in the two eyes yield an 8-12% increase over the out-of- -phi 3 


EU Y Jordan 
eee 


ILLUMINATED EYE ALONE 


DIFFERENCE BETWEEN BINOCULAR CFF AND CFF OF MORE INTENSELY 


-3 -2 -l o + +2 +3 
DIFFERENCE IN LOG UNITS LUMINANCE IN THE TWO EYES 
LOG Ulett eye) 7 LOG might eye) 


re 6. DIFFERENCES BETWEEN BINOCULAR CFFs AND THOSE OBTAINED WITH T! 
ORE INTENSELY ILLUMINATED EYE AS A FUNCTION OF THE DIFFERENCE 
4 LUMINANCE BETWEEN THE RIGHT AND LEFT STIMULI : 
(Results of TS) j 
thresholds for TS, The corresponding increments for GT’, whose threshol 
are in general more erratic, are 5-20%. SA) 
In all instances the points for in-phase flashes indicate beginning interac- 
tions between excitations from homonymous hemiretinas by gradually tis 
over sometimes as much as a difference of a log unit in luminance of 


seem to indicate that synchrony of flashes in the two eyes begins to have 
effect while?the flash rate is still well above fusion for the less inten 


illuminated eye. That is, even though the dimmer light appears stead 
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intermittency must nonetheless be effective in arousing petiodic bursts of 
activity in the homonymous nervous pathway which summates with the 
synchronous periodic excitation elicited by the more intense flash in the 
other eye. This interpretation is not, however, secure because the gradual 
tise of the in-phase curves is confounded with the decreasing subtractive 
effect attributable to the decreasing interocular differences in luminance. 


6" TARGET IN FOVEA 


Puy, 


5 


ILLUMINATED EYE ALONE 


DIFFERENCE: BETWEEN BINOCULAR CFF AND CFF OF MORE INTENSELY 


A E = c] a rr] rs) 


DIFFERENCE IN LOG UNITS LUMINANCE IN THE TWO EYES 
LOG left eye) — LOG ligight oye) 


Fic. 7. DIFFERENCES BETWEEN BINOCULAR CFFS AND THOSE OBTAINED WITH THE 
ORE INTENSELY ILLUMINATED EYE AS A FUNCTION OF THE DIFFERENCE IN 
LUMINANCE BETWEEN THE RIGHT AND LEFT STIMULI 
(Results of GT) 


Nonetheless, for about a quarter of a log unit difference on either side of 
equality, the in-phase binocular threshold tends to be higher than the CFF 
of the more intensely illuminated eye alone (zero on the ordinates), sug- 
gesting that the synchronous excitation can interact earlier in the chain 
of neural events than the neural locus of flicker fusion. 
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In all conditions except those with the smaller stimuli at lower intensi- 
ties, differential luminance of the two half-images tends to yield lower CFF 
compared to those determined by the more intensely illuminated eye 
alone, The magnitude of the damping effect does not seem to be consistently 
related to the amount of the difference in luminance in the two eyes. The 


trends are rather clear-cut but the particular points determining the func? 


tions are rather erratic, particularly as between the in- and out-of-phase 
curves. One uncontrolled source of instability lies in the fact that the in- 
and out-of-phase curves had to be determined at different sessions, thus 


confounding comparisons of effects due to phase of flash with day to day - 


or time of day variance, with variations due to changes in subjective criterion 
of flicker adopted by S, and perhaps with effects of slight differences in 
alignment of the pupils of the eyes with respect to the oculars from one 
time to another. Variability within the five settings determining any one 
point tend to be small, e.g. standard deviations in general are less than one 
flash per second except at the highest intensities. On the other hand, varia- 
tions in the means for any one point from one session to another are in 
genetal much greater, especially at the higher levels of luminance. Thus the 
differences pictured in Figs. 6 and 7, especially those representing different 
sessions are very likely to be unstable in detail. 

The results certainly indicate interaction at a sensory level between 
the inputs from homonymous hemiretinas, Sherrington is undoubtedly cor- 
rect, however, in his conclusion that excitations from corresponding points 
do not interact in a manner analogous to the integrative mechanisms at the 
entrance to motor final common paths.1° The small magnitudes of the 
summative and subtractive effects reflect at most only partial interactions. 

Binocular interactions which occur under conditions of interocular dif- 
ferences of stimulation in which fusion is still possible (thus ruling out 
rivalry) all tend to involve a compromise sensory effect in which the 
perceived value of the stimulus is intermediate to the uniocular components 
observed alone. Thus Ogle says, 

Whenev: i i ithi . 
are seen noe sje vial iin tr Redes es (D) bn i 
their identity in favor of an emergent compromise visual direction that lies between 


the two primary directions; or (2) the subjective visual direction of the fused 


image coincides with the primary directi i 
eee Md es EROR Primary direction of one of the eyes, while the other 


Apparently both possibilities occur: the former more often but the latter 


?" Sherrington, op. cit., 383. 
" Ogle, op. cit., 86-87. 
j^ 
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can occur, especially in persons having marked ocular dominance. A binocu- 
lar image appears intermediate in brightness when combined from uniocu- 
lar stimuli which differs in luminance.?? Uniocular stimuli of different 
color can combine binocularly to yield an intermediate hue.! Similarly, a 
dim light in one eye lowers the CFF of a more intense stimulus on the 
corresponding retina of the opposite eye. On the other hand, straight- 
forward summation can occur as when synchronous flashes in the two eyes 
yield higher critical flash rates than those of either eye alone. There is 
indeed interdependent functioning of the two eyes. The relative magnitude 
of all these effects tends, however, to be very unimpressive compared to 
the result of combining the stimuli on the same region of one retina. 

The results of this study and of the others cited pose something of a 
paradox. On the assumption of some doctrine like ‘isomorphism’* or 
Müller's psychophysical axioms as operationally interpreted by Boring? 
the demonstrable behavioral facts of binocular fusion and interdependent 
function of processes from homonymous hemiretinas should reflect a ‘two 
in, one out’ integrative mechanism coupling the input from the two eyes. 
Either binocular fusion is epiphenomenal, i.e. not reflecting any underlying 
neurophysiological interactions (as implied in Sherrington's characterization 
of it as ‘psychic’), or we have need to postulate (or better, to discover) 
a neurophysiological mechanism that achieves unification of converging 
processes without marked summative or inhibitive interaction, The evidence 
indicates there is some interaction of processes from corresponding areas 
of each retina as reflected in the final visual effect. One might suggest there 
is only partial confluence of the independent excitations from homonymous 
hemiretinas on cortical centers common to both. Perhaps only part of the 
total excitation from crossed and uncrossed visual pathways converges on 
common cortical cells, like the isodynamic cells of Cajal, and their activity 
is the basis of the relatively small amount of binocular interdependency. 
The róle of such partial integration in the overall functioning of binocular 
vision is not clear, but it certainly appears to be one of the characteristics 
of the mechanism coupling excitation from corresponding regions of the 
two retinas into the cortical cyclopean retina. 


? De Silva and Bartley, op. cit, 540-541. d 5 

.* Selig Hecht, On DE fusion of colors and its relation to theories of color 
vision, Proc, Nat. Acad. Sci., 15, 1932, 369-389. eas 

PAETE: Köhler, Gestalt Psychology, 1947, 151 £. of Kurt Koffka, Principles 
of Gestalt Psychology, 1935, 56 and 62-66. A 4 i 

ZESVG: Konak Aa E restatement of G. E. Müller's psychophysical 
axioms, Psychol. Rev., 48, 1941, 457-464. ° 
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SUMMARY 


Sherrington is undoubtedly correct in his conclusion that fusion of two 
uniocular images in binocular perception is not based on an integrative 
mechanism analogous to the integrative mechanisms at the entrance to 
final common paths in the motor system. On the other hand, the evidence 
clearly points to some degree of interocular interdependency. Experiments 
were performed to determine the effect of interocular differences in intensity 
and phase of flash on CFF with binocular regard. The stimulus in the 
tight eye was constant at an intermediate level of luminance for each 
experiment and varied over about 6 log units (millilamberts) in the left 
eye. CFF for the right eye~alone at the intermediate luminance, for the 
left eye alone, and for both eyes at various levels of luminance of the left 
stimulus were determined with two Ss. These measures were made with both 
in- and out-of-phase flashes in the two eyes, with stimuli of 6° and 2:28 
angular subtense, and at two retinal locations, central and 10? peripherally 
from the fovea. Results indicate a general damping or subtractive effect 
of a less intense stimulus in one eye on the CFF of a brighter stimulus 
on the corresponding area of the other retina—except with the smaller 
target at lower levels of luminance. As the uniocular stimuli approach 
equal luminance, in-phase, flashes yield summation, i.e. the CFF for both 
eyes is slightly higher than with out-of-phase flashes or with either eye 
alone. The summation of in-phase flashes is apparent even when the 
flash-rate is still above the flicker threshold of the less intensely illuminated 
eye, suggesting that binocular interaction occurs before flicker fusion in 
the chain of excitation in the visual pathways. Because of the relatively 
small magnitude of the interocular effects (compared with the effect of 
combining the stimuli in one retina) these results are interpreted as indi- 
cating only a partial convergence of excitation from corresponding points 
in the two retinas on cells in the visual cortex common to both the crossed 
and uncrossed pathways, ie. the isodynamic cells of Cajal. Such partial 
integration seems characteristic of the sensory coupling of homonymous 
hemiretinas, but its róle in binocular perception is unknown. 


TEMPORAL CHANGES IN THE MEMORY OF 
VISUALLY PERCEIVED FORM 


By JAMES C. CRUMBAUGH, University of Texas 


The problem of temporally progressive changes in the memory of 
perceived form, as conceived by Gestalt theory, dates from an experiment 
by Friedrich Wulf in 1922. There were several earlier experiments by 
Philippe, ° Hempstead,® Kuhlmann,‘ and Crosland,® but these researchers 
did not set out to examine the validity of Gestalt concepts as have the 
investigators since Wulf. 


Wulf, approaching the problem from the orientation of the Gestalt laws of organi- 
zation, called into question G. E. Müller's theory of "reactive forgetting." According 
to Müller's theory, which would, in general, probably find wide acceptance today, 
the memory-trace weakens or disintegrates with time, losing the distinctive char- 
acteristics of the original figure, except that any feature which is emphasized in per- 
ception will persist longer than others and will be accentuated in the reproduction." 
Wulf considered the possibility that memory might be governed by the same laws 
as those found by Wertheimer to hold for perception, the chief law being that of 
Pragnanz. The concept that every Gestalt becomes as ‘good’ as possible leads to the 
prediction that a figure reproduced from memory will be ‘better’ or ‘more pregnant’ 
than the figure as originally seen, and that the changes will be progressive with 
time, 

Wulf presented a series of drawn figures to his Os and tested their recall of these 
figures by the method of successive reproductions. The chief characteristic of this | 
method is that O makes repeated attempts to recall the original stimulus-figure at 
various intervals after its presentation, and changes in the recalled material 
are compared at each successive stage with the original figure. Wulf found the 
changes which occurred to be progressive in any one individual, sometimes in the 
direction of leveling and sometimes in the direction of sharpening. Leveling—the 


* Accepted for publication September 6, 1955. This paper is adapted from a 
aeration Submitted in partial fulfillment of the requirements for the Doctor H 
Philosophy degree in Psychology at the University of Texas, June, 1953. This study 
was directed by Professor M. E. Bitterman. r 

* Friedrich Wulf, Beitrage zur Psychologie der Gestalt; Uber die Veranderung 
yon Vorstellungen (Gedachtnis und Gestalt), Psychol. Forsch, 1, Dn 333-373. 
4 f 2: Philippe, Sur les transformations de nos images mentales, Rev. Phil., 45, 1897, 

81-493, : 

E Hense The pec um eh 

rederick Kuhlmann, On the analysis of memo 

imagery and memory of meaningless visual forms, Psychol. Rev., 13, 1906, 316-348. 

*H. R. Crosland, A qualitative analysis of the process of forgetting, Psychol. 
Monogr., 29, 1921, No. 130, 1-157. ‘ 

oR S? Woodworth, Experimental Psychology, 1938, 80. © ® 
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disappearance of some sharply accented feature of the object, such as an asymmeti 
jag in an arrow-figure—may result either from normalization or from autonomous - 
change. Sharpening represents the opposite process of emphasizing an already ac 
cented feature. , A 

Gordon Allport" and F. T. Perkins* produced results similar to W'ulf's, as di 
Bartlett,’ whose study provides some of the most striking examples of these pro-. 
gressive changes. All of the investigators mentioned used the method of successive 
reproductions except Bartlett, who used the method of serial reproductions, In the ~ 
latter method, the first O reproduces the stimulus-object from memory, then the | 
second O uses this reproduction as a stimulus-object and reproduces it from memory - 
after a time-interval, then the third O uses the second's reproduction, and so forth, 
Bartlett started with a stylized figure of an owl and found progressive normalization — 
or assimilation toward a conventional figure, in this case a cat. 

Another experiment which was interpreted as favorable to Gestalt hypotheses is. 
that of Irwin and Seidenfeld," who used the method of successive comparisons and 
tested recognition at the various time-intervals by the method of identical stimuli— — 
developed for the study of time-errors. 

A serious error is inherent in the method of successive comparisons or reproduc- 
tions (involving either recognition or recall of the stimulus-object). The successive 
methods offer an opportunity for fresh learning at each testing of memory—the trace 
of the original stimulus is influenced by O's reproduction or comparison. This 
procedure obscures any true curve of forgetting that may exist; in fact, it favors. 
consolidation rather than disintegration. As for the method of serial reproductions 
used by Bartlett, it does not measure the progress of the memory-trace with time; it 
reflects only whatever tendencies toward stereotypy may be common to a group of OS. — 

Gibson," using the method of immediate reproduction, exposed a number of 
visual figures in quick succession and classified the changes which occurred in 
reproduction. He found object-assimilation (which Wulf called "normalizing") to 
be strongly influenced by verbal factors, and he was critical of the Gestalt interpreta- 
tion of these changes. Similar results were obtained by Carmichael, Hogan, and 
Walter,” who presented ambiguous figures to one group of Os with the suggestion 
that they resembled certain objects and to another group with the suggestion that 
they resembled other objects. 

Warner Brown was perhaps the first to study the progress of the memory-trace by 
the method of single reproductions," thus avoiding the error of successive repro- 
ductions. In the method of single reproductions the stimulus is presented only once 
toa given O and his memory for it is measured at only one time-interval. A differ- 


T P " p p 
21, S d port Change and decay in the visual memory image, Brit. J. Psychol. 


F. T. Perkins, Symmetry in visual recall, this JOURNAL. 1932, 473-490. 
VE C. Bartlett, Remembering, 1932, 1-317. T Ren UH 
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ent group of Os is used for each time-interval, and there is thus no opportunity 
for new learning to contaminate the memory-trace. Brown found his results difficult 
to classify; some of his data were consistent with Gestalt theory and some did not 
seem to be. Goldmeier,^ using the method of single reproductions, measured the 
divergence of O's drawings made after a given time-interval from the same O's copy 
of the original stimulus-object made at the time it was presented. Goldmeier's results 
favored the Gestalt hypotheses, although Hebb and Foord have criticized both his 
procedure and the way in which he interpreted his data." 

Hanawalt,* using Wulf's figures as stimulus-objects, compared the method of 
successive reproductions with the method of single reproductions. His over-all 
results were interpreted as unfavorable to Gestalt hypotheses. Hebb and Foord did 


Hanawalt tested memory by the method of single reproduction (recall), Hebb and 
Foord used the method of single comparisons by multiple choice (recognition). 
They concluded that the results contradicted Gestalt theory. The most recent study 
in the field is another by Hanawalt"—a repetition of the experiment of Irwin and 
Seidenfeld using the method of single comparisons of identical stimuli instead of 
the method of successive comparisons of identical stimuli. On the whole, the experi- 
ment produced "little positive evidence concerning the nature of the trace and its 
relationship to the negative time-error." 


From this summary of previous research on the problem of temporally 
progressive memory-change, two conclusions may be drawn: (1) There 
is great confusion and inconsistency of results in the literature; and (2) 
this confusion grows out of a failure to devise a clear-cut and universally 
acceptable methodology for attack upon the problem. 

The principal issue may be stated briefly as follows: Does the memory- 
trace decay haphazardly with time, or are there lawful processes at work 
which iüfluence its progress? Two alternatives to random disintegration 
can be considered—antonomous change and assimilative change. Thus the 
question becomes a two-fold one: (1) Do autonomous changes influence 
the progress of the trace; and (2) do assimilative changes influence its 
progress? The latter question has been satisfactorily handled in the litera- 


ture; the work of Kuhlmann,*® Crosland,?? Gibson,” Carmichael, Hogan, 
z qut 
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and Walter,?? and others gives a clearly affirmative answer, although then 
is no good evidence of progressive change. It is the former question ti 
which the present experiments are directed. e 


METHOD 


In the present investigation, the method of identical stimuli was employed. As. 
the traditional time-error experiments, O made repeated comparisons of standa 
(S) and variable (V) which were introduced on opposite sides of a fixation-] 

Observers. A total of 285 Os were tested individually in the five experim 
performed. All Os were drawn as volunteers from the psychology library at 
University of Texas during the spring and summer of 1953. There were abou 
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twice is many men as women Os, chiefly because that was the distribution Em ` 
students in the library. 

Stimuli. The stimulus-objects consisted of five geometric figures, each involi 
some type of asymmetry (see Fig. 1): (1) a broken circle (gap subtending 15° 
arc) ; (2) a tilted line enclosed in a square (line rotated 15° counterclockwise from 
the vertical) ; (3) two disks with a size-ratio of 25/31, the larger directly above 
smaller; (4) an ellipse (ratio of diameters = 7/5); and (5) a broken circle (90° 
gap). All figures, which were cut from black paper and mounted on the inside 


= Carmichael, Hogan, and Walter, Op. cit., 73-86. 
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a milk-glass screen in a double light-box, appeared luminous on a dark background. 
Five experiments were performed, each utilizing one of the figures. 

Apparatus, The apparatus consisted chiefly of a double light-box which was 
approximately a 24-in. cube, resting on a table 30 in. high. It was partitioned into 
two light-compartments, and the front had a narrow wooden strip at the dividing 
line between the two halves on which was mounted the fixation-light, a GE NE-2 
neon glow-tube masked to a 1/8-in. aperture. The exterior of the light box was 
black and the interior was white. Each compartment was illuminated by a 25-w., 
110-v. clear-glass lamp. In the front of the box was a circular milk-glass screen, half 
of which was illuminated from one compartment and half from the other. 

E sat behind the light-box. A small 7-w., 110-v. shielded pilot-lamp furnished 
illumination for manipulating the control-switches and recording the results, To E's 
left were a Hunter interval-timer, Model 111A, which timed the intervals between $ 
and V, and two holding-relays which controlled the exposure-time (1/2 sec.) for 
both S and V. A 10-w., 110-v. lamp, shielded from O by a gooseneck reflector, 
dimly illuminated the experimental room, thus serving to structure the perceptual 
situation. The O sat in a chair at a distance of 7 ft. 7 in. from the fixation-point. 

Procedure. O was seated and given standard instructions for the particular geo- 
metrical figure with which he was being tested. (Each O was tested with only 
one figure.) O was told that this was an experiment in the perception of visual 
form, and that he was not in competition with other Os in any way. The task was 
to compare visual forms which would be flashed on the screen jn pairs, one after 
the other, Sometimes the first member of the pairs would appear on the right half 
and sometimes on the left half of the screen, Each figure would be flashed on for 
only 1/2 sec. The asymmetry (tilt, gap, or so forth) of the second figure would 
always be slightly different from that of the first figure. If the asymmetry of the 
second figure was greater than that of the first, O was to respond "Greater 
if the asymmetry was less, O was to respond ‘Less.’ If O could see no difference in 
asymmetry he was to respond ‘Equal’ (in which case the same pair was repeated 
until he could give a definite judgment). From the signal ‘Ready’ until both figures 
of a pair had been exposed, O was to look steadily at the fixation-point. A sample 
trial was given (with an interval between S and V not used in the experiment). 
Neither on this trial nor at any time was O given any indication of the ‘correctness 
of his response. Furthermore, O was never given any explanation of the true nature 
of the experiment, even after he had been tested, a procedure adopted to prevent 
the information from reaching the other potential Os in the library. Pa 

"The time-intervals between $ and V which were employed in the different expgri- 
ments were 0, 0.3, 2.0, 5.0 and 12.0 sec. At 0 sec. the onset of V coincided with 
the offset of $. In the first three parts of Experiment I (la, Ib, Ic) Eds ly virgi 
Of these intervals were used, and in the special case of Ib the two stimuli were 
Presented simultaneously as well as at certain positive intervals. In Experiment ld, 
and in all subsequent experiments (II, III, IV, V) all five of these time-intervals were 
utilized. All stimulus-figures (both $ and V) were exposed for 1/2 sec. 

The various time-intervals were scheduled according to a ‘planned haphazard, 
order’ in which each interval would appear equally often in each position in the 
Seties of five intervals. The order employed for the first half of athe trials was 
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replicated in reverse for the last half. In all experiments except in the first three parts 
of Experiment I, each interval was repeated eight times, making a total of 40 j 
ments for each O. In subexperiments Ia, Ib, and Ic, each interval was repeated 
times. Ia utilized four intervals (0.3, 2.0, 5.0, 12.0 sec.) making a total of 
judgments per O; Ib utilized three intervals (simultaneous, 0, 0.3), making a t 
of 30 judgments per O; and Ic utilized three intervals (0, 0.3, 5.0) making a total 
of 30 judgments per O. These three parts of Experiment I required a somewhal 
different order for presenting the various time-intervals, but the schedule was 
general quite similar to that employed in the remainder of the investigation. In 
experiments, and for each time-interval employed in a given experiment, $ 

presented an equal number of times on the right and on the left side of thé screeni 
(with V always presented on the side opposite $). ) 


RESULTS 


Experiment I. A broken circle with a gap subtending 15° of arc (Fig. 1 ) 
was the first figure to be studied because it is one of the simplest possib| 
asymmetrical figures. The orthodox Gestalt laws of organization predict 
a clear-cut change in the direction of increased symmetry (closure of gap) 
with time. It was necessary to do considerable exploratory work (sub-- 
experiments Ia, Ib, Ic) to determine the time-intervals between $ and V - 
most suitable for demonstrating this change, and all subsequent work v 
done with these intervals. The results of all experimentation with tht 
circle containing a gap of 15° are reported graphically in Fig. 2 in terms ^ 
of the percentage of judgments of increasing symmetry of the trace with” 
time. An increase in the percentage of such judgments does not neces 
sarily reflect an increase in the degree of symmetry with time, althou 
it seems reasonable to assume such a relationship (as is commonly done) 

Inspection of Fig. 2 shows a general tendency for the gap first to in: 
crease and then to decrease. The process is progressive in time, although 
ultimate fate cannot be determined from the present data since the long 
interval (12.0 sec.) still shows evidence of change in progress, It is im= 
possible to say whether the curve would reach the degree of symm 
existing in the original figure (S) at approximately 13 sec. (as extrapola- 
tion would indicate), or whether it would go on to a degree of symmet 
greater than that of the original figure. Orthodox Gestalt psychology 
might predict the latter result, ' 

Wilcoxon's test for paired replicates was selected for the statistical eval 
tion of the results? This non-parametric technique provides a more c 
fervative estimate of significance than does the t-test. The pooled results 


? Frank Wilcoxon, Some id Aj 7 isti Americi 
Gyanamid Co, Sed ud Mite Statistical Procedures, jeri 
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for all parts of Experiment I could not be analyzed since different time- 
intervals were studied in the different parts. It is obvious, however, that 
the results for the various subexperiments are quite consistent. The decline 
between O and 0.3 in Experiment Ic is significant beyond the 5-96 level, 
and the corresponding decline in Id is significant at the 1-% level. The in- 
crease between 5.0 and 12.0 sec. is significant at the 5-06 level in Experi- 
ment Ia and at the 1-66 level in Id. 

In an effort to determine whether changes of the kind which appeared 
in Experiment I are general or peculiar to a given figure, a second experi- 
ment utilizing a different figure was conducted. A tilted line was selected, 
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which, like the broken circle, is a simple figure for which orthodox Gestalt 
theory would predict increasing symmetry. 


Experiment II. The data of this experiment, in which a total of 35s 
Were tested, are plotted in Fig. 3. The form of the curve for the tilted 
line closely parallels that for the circle of Experiment I. Wilcoxon's test 
for paired replicates, when applied to the differences between the high 
and low points of the curve, shows significance at the 1-% level. The 
next greatest difference is between the intervals of 0 and 2.0 sec. which 
is significant at approximately the 3-% level. i 

The question arises as to whether the results for both figures might be 
artifacts of a judgmental or ‘guessing’ pattern common to thg majority of 
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Os. To answer this question, Experiment III was designed. It utilizi 
quite unorthodox figure (consisting of two disks of different size) 
which quite another pattern of change in time might be anticipated. If 
same pattern of results were obtained, the previous results might be ari 
facts of the testing situation rather than true changes in the memory-t 


Experiment III. The difference in size of two disks with a ratio of 25 
in diameters was judged by O as greater or less in V than in $. Th 
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sults for a total of 50 Os are shown in Fig. 4, The difference between high 
and low points of the curve is significant beyond the 5-06 level of con- 
fidence by Wilcoxon's test for paired replicates. Inspection of Fig. 3 shows 
a marked change from the results of the previous experiments. All of its 
points are consistently above the 50-05 line—the memory-trace of the 
difference in the size of the two disks decreases at all S-V intervals. At 
any rate, the results of the present experiments obviously cannot be traced 
to a general pattern of judgment essentially unrelated to the stimulus- 
objects employed, since the results obtained with the circle of Experiment 
land the tilted line of Experiment II are quite different from those obtained 
in Experiment III, The results of all three experiments, therefore, probably 
represent true memory-changes. 


Experiment IV. An ellipse was chosen for this experiment because, while 
quite different from previously used figures, it involves a simple asym- 
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j e 
metry that would be expected from the Gestalt laws of organization to 
decrease with time. The results, in which a total of 30 Os were tested, 
are shown in Fig. 5, The difference between the high and low points 
of the curve is significant beyond the 1-% level of confidence by Wilcox- 
On's test for paired replicates. The next greatest difference, between 5.0 and 
12.0 sec., also is significant beyond the 1-06 level. The form of the curve 
is qualitatively different from that of any of the previously used figures, 
Which confirms the suggestion from Experiment m that she pattern of 
Memory changes to be expected in the trace of a visual form is,a function 
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of the form involved. The trace of the ellipse shows no signficant initial 
change in symmetry of figure followed by an increase in symmetry beyond 
that of S, 

It seems, then, that a qualitative change in the originally perceived 
figure may yield a qualitative change in the form of the curve representing 
change in the memory-trace with time, although some qualitatively dif- 
ferent figures have common patterns of change. The question arises as to 
whether a quantitative change in the originally perceived figure would 
yield quantitatively different patterns of change (similar in pattern but 
displaced in degree), or whether the changes would be qualitatively dif- 
ferent. To answer this question Experiment V, utilizing a broken circle 
with a gap-size different from that of Experiment I, was performed. 


Experiment V. The circle with gap subtending 90° of arc was studied 
with 40 Os. The results are shown in Fig. 6. The difference between the 
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high and low points of the curve is significant beyond the 1-% level of 
confidence by Wilcoxon's test for paired replicates. The next greatest 
difference, between 5.0 and 12.0 sec, is significant at approximately 
the 3-06 level. The curve of Fig. 6 undoubtedly did not arise by chance. 
It represents a general increase in the symmetry of the trace with time, 
and would seem to represent a different pattern than in the case of the 
15° gap. In a certain sense, then, a quantitative change in the original 
figure may beəsaid to have produced a qualitative change in the pattern 
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of progress of the trace—an increase in the size of the gap has eliminated 
the initial increase in asymmetry. 

In view of the results of all experiments it seems clear that symmetry 
of figure (autonomous change) rather than assimilation to some standard- 
ized or normative figure is the chief factor involved in the obtained 
progressive changes. lt is difficult to see, for example, what normative 
figure could be involved in the increasing tilt of a line in a square. 
Similarly, a change (in either direction) in the relative size of two disks 
hardly" appears to improve their normative value, and it is illogical to 
assume that a broken circle which becomes more broken (increase in the 
15°-gap at the shorter intervals) is being assimilated to a standardized 
concept of ‘circle,’ It is still more difficult to assume that most people 
have a normative concept of ‘broken citcle.’ For these reasons the present 
results may be interpreted as favoring the concept of autonomous change. 
If the changes were assimilative, we should certainly expect them to 
progress consistently in the direction of a particular figure, rather than 
to start in one direction and then to reverse. 

It appears, therefore, that autonomous changes not only occur in the 
trace of a visually perceived form but differ in their pattern of develop- 
ment according to the particular form perceived. In the case of some 
forms the trace progresses rapidly towards greater symmetry of figure ; 
in others, towards lesser symmetry. Eventually, however, both types of 
form seem to move toward increased symmetry. Furthermore, not only 
qualitative but also quantitative differences in perceived forms appear to 
affect the development of autonomous changes in the memory-trace as 
evidenced by the contrasting curves of the circles with gaps of different size. 


SUMMARY 


The problem of temporally progressive memory-changes in visvally 
Perceived forms was studied by the method of identical stimuli, in which 
identical figures (standard and variable) both were repeated in gach 
comparison made by O as in a typical psychophysical experiment on the 
time-error. Luminous stimuli on 4 milk-glass screen were used, standard 
and variable being presented on opposite sides of a fixation-point. Bach of 


the five figures employed contained a degree of asymmetry which (6) 


judged to be greater or less in the variable as compared with the standard. 
ally progressive changes 


The results provide clear evidence of tempor a 
in the traces of visually perceived forms. The changes observed, whi 
suggest autonomous rather than assimilative effects, differ th their pattern 
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of development according to the particular form perceived. The tra 
some forms progress rapidly toward greater symmetry, while the t 
of others show an initial tendency toward decreased symmetry which: 
is reversed. The direction and pattern of change is influenced by quar 
tive as well as by qualitative variations in the perceived figure. W 
autonomous changes as yet undiscovered may occur over longer inter 
the present experiment reveals important effects within the first few se a 
of the life of the trace. 


THE EFFECT OF SIZE OF TARGET ON ACCURACY OF AIM 


By R. H. Day, University of Bristol, England 


Previous studies of aiming have yielded results which demonstrate that 
modifying the size of a target, either by changing the actual physical 
dimensions or by altering the distance of the target from S, results in varia- 
tions in accuracy of aim. 


Experiments by Mace, Lewin and Voigt, and Moffett" have shown that there is 
a functional relationship between target-size and efficiency of performance where 
performance is judged in terms of the accuracy of aim. Lewin and Voigt were 
able to show that accuracy increased, within limits, with increase of the distance 
of the target from the S, and that accuracy depended to some extent upon the struc- 
ture of the target or ‘goal.’ 

Using Muscio's aiming-test and a dart-board test, Mace has shown that a ‘good,’ 
‘fair,’ or ‘poor’ shot tended to be defined by $ in a way which was relative to the 
form of target used. Generally, the greater the size of target the smaller the relative 
subjectively assessed error irrespective of the absolute distance from the bull's eye. 
In his interpretation of these facts Mace has introduced the notion of an “implicit 
standard,’ a subjective estimate of performance based upon the objective design and 
size of the target, The implicit standard Mace has defined as, “a level of attainment 
such that performance below this level is followed by stabilization (provided stabi- 
lisation is not accounted for by any ‘physiological limit')." Generally, it Loses that 
a modification in the design of the target entails a corresponding modification in the 
efficiency of performance through the operation of an implicit standard set up by 
dhe particalar target-design. In concluding his report Mace poséd the question regatd- 
ing whether there is a certain limiting value beyond which the functional dependence 
of accuracy of aim on target-size fails to apply, of is reversed. 

An attempt has been made in this investigation to answer the question 
posed by Mace by varying the size of the target over a moderately wide 
tange while holding constant the essential design and structure of the 
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METHOD AND PROCEDURE 


were right-handed. P. 
Apparatus, A plywood panel 38 cm. x 43 cm. was fixed to the wall by means of — 


for fastening the target-sheets firmly over the cork surface, The plywood panel was 
painted dull black and the cork was unpainted. 3 4 

The target-sheets were of white foolscap paper 33 cm. x 20.2 cm.; each sheet 
having 12 targets arranged in four rows of three. The distance between targets 
centers in the horizontal and vertical directions was 7 cm. for all sizes of target. 

There were five sizes of target, the diameters of which were 1, 2, 3, 5, and | 
cm. Each target consisted of a bull's-eye 1 mm. in diameter and three concentric - 
rings so arranged that the distance of the inner ring from the bull's eye and the T 
distance between the three concentric rings was the same. The five targets are shown 
in Fig. 1. For convenience these targets in future will be referred to as Target l, | 
Target 2, etc. beginning with the smallest size. The targets employed in the pre- 
liminary matching trials consisted of crosses with the intersecting arms arranged 1 
diagonally relative to the sheet, each arm being 1.5 cm. long. The arrangement of — 
these crosses on the sheet was the same as the targets used in the experiment proper, 

The stylus with which Ss speared at the targets was 17 cm. long tapering at each 
end and 0.8 cm. in diameter. At the striking end was a steel tip 1 cm. long and 
tapering to a sharp point. 

The rate at which $ speared at the targets was controlled by the beat of a 
metronome which was set at 184 beats per minute throughout the experiment. In all 
trials the metronome was placed behind S. 

Experimental design. The design of the experiment closely followed, that sug- 
gested by Edwards in which Ss were matched across rows on the basis of perform* 
ance on a similar task. Every $ served twice, the sessions separated by a period of | 
approximately one week, 1 

In the first session $ was required to aim at the centers of the crosses, 2 sets of 12 < 
being used, in order to assess initial ability in this kind of task. This session also 
served to familiarize $ with the general nature of the task and provide practice 
in spearing at the targets in strict time with the metronome. On the basis of performs — 
ance,in this initial task the Ss were ranked for ability and divided into five groups. 
Throughout the experiment the error-score was the distance from the center of the 
target to the point at which the stylus struck the paper. It was found possible to » 
measure this distance to the nearest 0.5 mm. In dividing the Ss into groups the first 
group included the five Ss with the lowest mean error-score, the second group of five 
with the second lowest mean error-score and so on on to the last group, which included 
the five Ss with the highest mean error-score. Using a table of random numbers — 
ong member of each of these ability groups was assigned to one of the five targets — 
so that these groups were roughly matched for initial ability, i 


* A. S. Edwards, Experimental Design in Psychological Research, 1950, 264-283. 
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Procedure: Session 1. Before beginning the task the height of the panel was 
so adjusted that its horizontal mid-line was at the same height as $'s hand held 
outstretched at shoulder-level. $ stood squarely before the panel, and at arm's length 
from it. In this session the general nature of the task was explained and $ was 


4 5 


Fic. 1. TARGETS USED IN THE STUDY 


given practice in spearing at a blank sheet of paper in time with the sro of te 
metronome. In making these movements $ speared at the target on one s 
withdrew his hand to the shoulder at the next thus completing the moyens n 
0.65 sec., and taking 7.8 sec. per set of 12 shots. After 3 min, of P adis 
blank sheet of paper S was given 2 sets of 12 shots at the ie oe sl 

. 


662 DAY 


pattern of movement was followed on each target-sheet, the first shot being « 
top left target, then along the top row from left to right followed by the sec 
row beginning at the right, and finally completing the 12 shots on the bottom 
target. It was made clear to S that he should keep in strict time with the b 
the metronome and that he should strike each cross at the point of inter-secti 
the arms. 

Session 2. Before commencing the task in the second session the panel was 
adjusted for height and S was placed in the correct position and asked to mi 
that position throughout the session. During this session S was required to 
at five sets of targets with a rest-pause of 2 min. between the third and fourth s 
Before beginning the task the instructions were repeated and timing and acc 
again emphasized. § was told to commence spearing at the targets any time 
the metronome was set in motion. After each set of 12 shots was completed a 
sheet of targets was clipped to the panel and the performance repeated. The s 
pattern of movement was followed as in the preliminary matching-trials. 

/ 


RESULTS 3 
The mean error-scores for each set of 12 shots for each S are given ii 


ERROR G4) 


l 2 3 4 
SMALL TARGET SIZE LAR 


Fic. 2. VARIATION OF THE MEAN ERROR-SCORES 
rome AS A FUNCTION OF THE SIZE OF THE TARGET 


Table I, and the means and standard deviations of these scores for the | 
target-sizes are shown in Table II. The general trend evidenced in T: 
II can be seen rñore clearly in Fig. 2, where it can be observed that there 
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a noticeable variation in the mean error-scores as a function of target- 
diameter There is a considerable increase in mean errors on Target 3 as 
compared with Targets 1 and 2 between which there is little difference. On 
Target 4 there is a tendency for the error to decrease followed by an 
increase on the largest target. 


TABLE I 
Mean Error-score ror EAcH S ON 5 Sers OF 12 
o Snors ror Every TARGETAIZE 
Sets of 12 shots 
Target- S 
size 1st and ard 4th sth 
I 3.58 5.25 5.45 5.08 3.50 
2 3.33 4.50 6.58 13.46 5.75 
5 3 8.66 4.91 5.45 7:54 6,83 
4 7.08 7-54 6.62 5.08 5.75 
5 5.91 8.17 4.62 4.62 4.54 
Mean 5.71 6:07 5:74 5.15 5.27 
1 4,00 4.66 3.91 4.00 3.87 
2 4.30 4.12 ! 5.12 3.57 3:62 
2» 3 3.33 4.62 5.66 4.70 433; 
4 6.62 5.12 6.16 5.00 $54 
5 7.87 8.50 6.75 8.66 6.62 
Mean 5.22 5.40 5.52 5.24 4.39 
1 10.58 7.41 7.95 7:75 7.08 
2 4.54 $.00 6.10 7.91 732 
3 3 8.72 7.95 7:70 6.62 6.12 
4 8.20 8.20 5.54 5.50 4.50 
5 9.96 9.08 11.44 8.58 9.09 
Mean 8.40 7:52 7.40 6.67 6.79 
eit 7.04 5.20 5.70 3.91 345 
2 4.08 5.20 3.12 4.66 3.37 
4 3 4.80 5.46 4.91 5.70 4.66 
4 7.70 8.33 7.83 6.16 5.54 
5 8.62 8.30 6.70 5.41 ae) 
Mean 6.45 6.49 5.65 5.17 5. 
1 6.37 5.54 7.16 7.30 5.41 
2 4.54 6.30 4.54 5.25 5.08 
2 3 10.37 9.37 775 4.50 24 
4 11.66 7:25 7:25 6.95 uH 
5 8.33 7-46 5.96 9.79 Re 
Mean 8.25 7.18 6.53 7.75 -70 
Mesa 
sets of 12 
shots 6.80 6.53 6.23 6.00 5.68 


An analysis of variance indicates that the variation in mean error-score 


as a function of size of tatget is significant beyond the 1-06 level of confi- 
ifference between means 


dence. A closer scrutiny of the significance of d e 
using the /-test has revealed that there is no significant différence between 
. 
Lj 
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error-scores on Targets 1 and 2 but the difference in perform 
Targets 2 and 3 is significant at the 1-% level. The differences in 
error-scores for Targets 3 and 4, and for Targets 4 and’5 just fail to 
TABLE II eH 

MEAN ERROR-SCORE AND STANDARD DEVIATION FOR Five TARGET-SIze8 


I 
Gondomen 66 Gp Tk f$ 
the 5-96 level although there is a strong tendency for the error t 
crease on Target 4 as compared with Targets 3 and 5. 

To examine more closely the general trend of performance over 
sets of 12 shots for each target, the mean error-score for each set as 
in Table 1 has been plotted. These plots can be seen in Fig. 3. This g 
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Fic. 3. MEAN ERROR-SCORES OF EACH OF THE 5 SETS OF 
12 SHOTS AT Every SIZE oF TARGET 
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increase in error on Target 5. In no case is there a significant variation in 
error between the two smaller targets. In examining the differences between 
means with the /-test it has been found that in all sets of 12 shots the dif- 
ferences in mean error between Targets 2 and 3 were significant at the 
1-% level. The difference between mean error-score for Targets 1 and 2 did 
not approach significance for any set of 12 shots. In the case of Targets 
3 and 4 the difference between means was significant at the 5-06 level for 
the first and third set of 12 shots. On the fourth set the difference was at 
the 5-66 level for Targets 4 and 5. 

In examining the successive sets of 12 shots without regard to target-size 
it can be observed that there was a small improvement in error-score from 
one set to the following set (Table 1). This decrease, indicating a practice 
effect, did not satisfy the critera for significance. 


DISCUSSION 


In planning this experiment interest centered mainly on the operation of 
an implicit standard resulting from subjective estimates of error based on 
target-dimension, and the possible limiting values of such a factor. The 
highly significant differences in mean error-score found between Targets 2 
and 3 make the postulation of some such determinant very plausible and 
appears to support the hypothesis that efficiency in this kind of task does 
in part depend upon such implicit standards. It is in order to compare the 
findings of this experiment with those obtained by Mace who used targets 
of similar size to Targets 1 and 2. Mace found that accuracy in aiming, 
using a target of 1-cm. diameter consisting of four concentric rings at 
1-mm. intervals, was significantly superior to that using a target of 2-cm. 
diameter consisting of two concentric rings at 5-mm. intervals. Such results 
would appear to be inconsistent with the facts arising from this investiga- 
tion where there was no significant variation in error between Targets 1 
and 2. It is possible that this inconsistency can in part be accounted for in 
tefms of the differences in configurational properties of the two gan. 
targets, With Mace's 2-cm. target it is not unlikely that the single ifiner 
ring 5 mm. from the bull's eye provided a less clear demarcation between à 
‘good’ and ‘poor’ shot than the inner concentric rings approximately 3 mm. 
apart used in this experiment. Moreover, Mace's Ss performed this task, 
consisting of 150 shots, twice a day for 5 days, as compared with a short 
single session of 60 shots used in this experiment. A prolongation of the 
jbute towards differences in aiming accuracy not 


task could perhaps contr 3 d 
revealed in a short trial where the early stages of learning giy por 
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review. It can be reasonably supposed that such differences in the conf 
tional properties of the target and the technique of experiment w 
account for the inconsistency noted above. 

More important, however, is the tendency of the error to dei 3 
Target 4 as compared with Target 3, and to increase again on Target 5 
The decrease is a reversal of the effect to be expected from Mace's hy 
sis. Apparently the upper limit of the range over which the implicit st 
ard operates has been reached with Target 3 and some other factor 
operated to produce the decrease. This decrease, it will be remembered, 
significant with Sets 1 and 3 and approached significance on the 
ing sets. A possible clue to the cause of this decline in error is provide 
by investigations of check reading dials under a various conditions of d 
diameter, White has shown that the efficiency with which dials of 1.0, 1 
and 2.75-in. diameter were check-read followed a trend similar to th 
in the efficiency of aiming at targets of 3, 5, and 6-cm. diameter.? The 
dial-diameters closely correspond to the target-diameters used in 
experiment, White found that the elements determining the response-ti 
and error-scores on the clock-reading task appeared to be the patterns of 
eye-movements which were slightly more efficient in terms of number 
duration of fixations for the 1.75-in. dial than for the larger or smi 
dial. Since Target 4 closely approximates in diameter the 1.75-in. 
some such ocular-motor determinant may well have been responsible fi 
the slightly superior performance on Target 4. It is possible, then, that the 
trend in accuracy of aim for the three larger targets could be account 
for in terms of ocular-motor function rather than in terms of changes | 
implicit standards as a function of target-size. It could be supposed ‘that 
phenomena such as these relating to the visual musculature and to thi 
mechanics of eye-movements combined with the operation of an imp! 
standard to produce the differences in aiming accuracy found betwi 
Targets 2 and 3. On the basis of Mace's work, however, an explanati 
which emphasizes the part played by implicit standard would appear tobi 
the more reasonable assumption since there is little evidence to support 
first view. 

In conclusion it is worthwhile to introduce into the discussion à usefi 
notion of Helson which he has called “the hypothesis of par or tolerance; 


* W. J. White, The effect of dial-diameter on ocular movements and accuracy o 
check reading 3n of simulated engine instruments, U.S.A.F. Air Material m- 
mand Technic Report 5826, 1949. | 
E ay fan Design of equipment and optimal human operation, this JOUR 


2 


EFFECT OF SIZE OF TARGET ON ACCURACY OF AIM 667 


As a result of his investigations of equipment-design, Helson has suggested 
that operators appear to have a standard or par of excellence representing 
the greatest possible error they will tolerate under certain conditions, This 
standard is a resultant of many factors including those of a motivational 
nature, It can be said that the variation in error between Targets 2 and 3 
represents changes in the par of excellence brought about by a modification 
in the subjective assessment of error resulting from target-size. The varia- 
tion in performance between the three larger targets, on the other hand 
could be due to variation in the par of excellence springing from more 
ocular-motor phenomena, the conditions of Target 4 favoring optimal 
performance. 


SUMMARY 


(1) An experiment has been carried out in which 25 Ss were required to 
spear at a series of targets in order to test the hypothesis that accuracy of 
aim is in part a function of target-size, and to find the limiting values, if 
any, of such a function. 

(2) It has been shown that accuracy of aim considerably increased using 
a target of 3 cm, diameter as compared with targets of 1- and 2-cm, diameter 
between which there was little difference in accuracy of aim. On a target 
of 5-cm, diameter there was a nearly significant decrease in error as com- 
pared with Targets of 3 and 6 cm. 

(3) The trend revealed by 5 sets of 12 shots for the 5 target-sizes showed 
à marked consistency with trend evidenced by the mean error for the 5 
sets taken together. ; 

(4) An hypothesis in terms of implicit incentives for the difference in 
error between Targets 2 and 3, and in terms of Targets 4 and 5 has been 
suggested. X 

(5) The concept of par of excellence suggested by Helson has been intro- 
duced as a useful and more unifying explanatory principle in the treat- 
ment of these data. e 


KINESTHETIC AFTER-EFFECTS FOLLOWING 
CEREBRAL LESIONS 


By ROBERT JAFFE, Mount Sinai Hospital, New York City 


The effect of prior stimulation in altering the apparent dimensions of 
objects held in the hand (kinesthetic figural after-effect) was demonstrated 
originally by Gibson. His findings were extended by Köhler and Dinner- 
stein, and in general confirmed in an exploratory study by the present 
author. In Kóhler and Dinnerstein's study Ss rubbed the fingers of one 
hand along the sides of either wide or narrow strips of cardboard, for 
one or two minutes, and then used the same hand to judge the width of a 
standard strip of intermediate size. This procedure led to a systematic dis- 
tortion in S’s estimation of the width of the standard. After stimulation 
with the smaller strip, they judged the standard to be larger than its 
true size, and after stimulation with the larger strip, they judged the stand- 
ard to be smaller than its true size. Kóhler and Dinnerstein suggest that 
their results could ultimately be explained on the same basic premises of the 
satiational theory proposed by Kóhler and Wallach to account for figural 
after-effects in vision.* 

Kohler and Wallach have been specific in postulating that visual stimula- 
tion results in the formation of electrotonic fields in the cerebral cortex. 
Such fields are topologically related to the position of the stimulating ob- 
ject in the visual field, It is further assumed that these electrotonic fields 
induce changes in the ‘conductivity’ of the cortex surrounding the zone of 
primary cortical excitation. The induced changes in ‘cortical conductivity’ 
are postulated as the mechanism for the distortion in visual perception 


known as ‘figural after-effects.’ By contrast, Klein and Krech have aC 
pc CM 2 


* Accepted for prior publication September 13, 1954. This work was performed in 
ke Psychophysiological Laboratory, Department of Psychiatry Nee Neurology, 
New York University College of Medicine. It was supported in part by a grant-in- 
aid from the Commonwealth Fund of New York and by Contract No. V 1001M-176 
with the United States Veterans Administration. The author, Abrahamson Fellow, 
Department of Neurology, is indebted to Drs. Morris B. Bender, Hans-Lukas Teubet, 
and W. S. Battersby for their aid in this study. 
„`J. J. Gibson, Adaptation, after-effect, and contrast in the perception of curved 
lines, J. Exper. Psycho * 16, 1933, 1-31. ^ 
* Wolfgang Köhler and Dorothy Dinnerstein, Figural after-effects in kinesthesis, 
Misc. Psychologica Albert Michotte, 1947, 196-220. 
Köhler and Hans Wallach, Figural after-effects: An investigation of visual 
processes, Proc, Amer. Phil. Soc., 88, 1944, 269-357. . 
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ted for such after-effects in terms of a less well-defined concept of 
eralized ‘cortical conductivity.’* i 

The present study was undertaken to explore the adequacy of the satia- 
n theory in dealing with kinesthetic after-effects. To this end, groups of 
al and brain injured Ss were tested in a uniform manner. The under- 
ng assumption was that the formation and distribution of 'electrical 
ds' in the cortex would be altered in patients with brain lesions, as com- 
d with normal controls. If ‘cortical conductivity’ is indeed a factor 
the formation of after-effects, then the amount and direction of figural 
er-effects in the brain-injured group should differ from those of the 
tmal population. 


METHOD AND PROCEDURE 


Subjects. The experimental Ss were 20 veterans of World War II who had 
Sustained penetrating brain injuries 2-7 yr. prior to testing. They were compared 
with 20 normal controls of the same sex and age-range. Precise localization of the 
ll brain damage was impossible, but the lesions were judged to be unilateral and 
foughly localized on the basis of x-ray evidence of bone damage and retained foreign 

dies, the notes of attending neurosurgeons, and the neurological signs and 
‘symptoms. The sensory function of the experimental Ss was evaluated in a com- 
hensive series of tests: touch perception on single and on double simultaneous 
Stimulation, pin-prick and adaptation to pin-prick, vibration, passive movement, 
phesthesia, stereognosis, and two-point discrimination. Ten of the Ss had im- 
iment of one or more of the sensory functions tested. The other 10 had no , 
sory disturbance. 

Materials. A strip of aluminum 2 in, wide was used as the standard. Two other 


€ end to 3 in. in steps of 0.1 in. at the other end. j 
Procedure. The procedure consisted of three steps. The first was to estimate the 
dth of the standard before stimulation (standardization judgment). $ stood, 
ndfolded, between two tables which supported the standard and the scale, He 
the 2-in. standard strip between the thumb and fingertips of one hand. With 
he grasped the graduated scale, which was moved by E unb} 5 
that the width of the two objects was equal. Six individual 'readings, three 
ng and three descending, were taken to obtain a mean value. In the second 
interpolated stimulation,’ S grasped the interpolated stimulus-strip with the hand 
ously used for holding the standard, and ran his hand up and down the strip 
the duration of 1 min. The third step was a repetition of the procedure fol- 
during standardization (‘test width-judgment’), Change in apparent width 
5 calculated in reference to the value obtained 


. S. Klein and David Krech, “Cortical conductivity" in tho brain-injured, 
"ersonal., 21, 1952, 118-148. * 
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In one phase, the small (1-in.) strip was used for interpolated stimulation, in the 
other the large (4-in.) strip was used. 

Ss were tested in two sessions; in one session the right hand held the standard 
and interpolated stimulus; in the other, the left hand was used. Since preliminary 
studies showed that handedness has no influence on the after-effect in the normal S$, 
only one hand was tested in the control group; in half of the cases the dominant 
‘hand, in the other half the non-dominant hand was used. 


RESULTS 


Fig. 1 is a graphic representation of results obtained for all three,groups: 
normal control Ss, brain-injured Ss, with sensory impairment, and brain- 
injured Ss, without sensory impairment. The points represent group means 


NONAL 'BRAN-INJUNEO. SUBJECTS. BAMN-INJUREO SUBJECTS 
CONTROLS WITHOUT SENSORY DEFECTS: WITH SENSORY DEFECTS 
+03 


"us 


ET 


WIDTH CHANGE IN INCHES 
e 


-02 


eec at 


een e 


ET 

WIDTH OF INTERPOLATED STIMULUS OBJECT IN INCHES ` 

Fic. 1. CHANGE IN APPARENT WIDTH OF STANDARD 
FOLLOWING INTERPOLATED STIMULATION 

(Bars represent group dispersion; points, group means.) 
for change in apparent width of the standard after interpolated stimulation. 
The standard deviation is shown as the length of the bar. Table I presents 
a summary of the data illustrated in the figure. 
à In the 20 normal control 5s (Fig. 1a), the standard appeared to increase 
in width after interpolated stimulation with the small (1-in.) strip, and to 
decrease in width after stimulation with the large (4-in.) strip. These find- 
ings are consistent with those of Kóhler and Dinnerstein.5 It should be 
,noted, however, that the absolute amount of the effect was much greater 
after stimulation with the larger strip than after stimulation with the 
smaller (0.13 as compared with 0.08 in.). Under both conditions, mean 


* Kohler and Dinnerstein, op. cit., 209. 
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fter-effects were significant at the 1-% level of confidence as evaluated by 
e /-test. 

Results for the brain-injured Ss are shown in Fig. 1b and 1c. These Ss 
" were tested in two sessions that we could assess, separately, the after-effects 
‘appearing in the hand opposite to the cerebral lesion (affected hand). and 
the hand homolateral to the lesion (unaffected hand). Accordingly, some 
z Ss used the affected hand to hold the standard in the first session, and the 
"opposite (unaffected) hand in the second session; in the other Ss, this 
rocedüre was reversed. 

The result for brain-injured Ss without sensory impairment can be seen 
‘in Fig. 1b. These brain injured Ss obtained after-effects significant at the 
1-% level. The effects did not differ in direction or magnitude from those 
© Obtained for the normal Ss (Table II). Moreover, it made no difference 

"whether affected or unaffected hands were tested (Table III). 


TABLE I 
Mean Arrer-Errects (IN IN.) OBTAINED FROM THE THREE GROUPS or Ss 
Ss without sensory loss Ss with sensory loss 


Controls homolat.  contralat. homolat. contralat. 


hand hand hand hand 
6 Mean +0.08 +0.056 +0.104 +0.07 +0. 109 
$ SD 0.077 0.045 0.047 0.113 0.169 
gt 6.153 3.91 6.66 1.85 1.93 
x P <o.01 «0.01 «0.01 o.r [3 
& Mean —0.13 —0.124  —0.15] —o.131 ——0.165 
2 SD 0.103 0.070 0.103 0.077 0.106 
&t 3.333 5.30 4.65 5.10 4.66 
> P «o.or «0.01 «0.01 <0.01 «0.01 


- Fig. 1c shows the results for the 10 Ss who had sustained brain injuty 
ind did have sensory impairment. Once again the group means are not 
ignificantly different from those of the normal controls. The after-effects 
| te Significant except where the small (1-in.) strip was used as interpoldted 
stimulus. In those instances, variation between individuals was so great that 
‘the mean after-effect failed ofsignificance.* i 
Ehe apparent difference in the performance of ‘affected’ and ‘unaffected 
“hands in both groups with brain damage did not prove to be statistically 
"Significant (Table III). Thus, in all groups, there appeared a matked dis- 
tion in apparent size of the standard after interpolated stimulation. For 


"The F-ratio showed this variability to be significantly greater tfan that of the 
er groups. * 


: of brain-injured and normal Ss. Under comparable conditions of 
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both brain-injured Ss and nozmals, there was a greater after-effect fol 
the use of the 4-in. interpolated stimulus than following the use of th 
strip. In no instance did we find a significant difference between norm 
brain-injured groups in amount or direction of after-effects, More 


TABLE II 
Mean Dirrerence (IN IN.) BETWEEN THE RESULTS OF THE EXPERIMENTAL — 
AND THE CONTROL GROUPS E 
Ss without sensory loss Ss with sensory lo 
homolat. controlat. homolat. contr 
hand hand hand h 
$ Mean dift, 0.02 0.02 0.01 
t 0.732 0.727 0.274 [5 
& P 0.50 0.50 0.80 0. 
A 
$ Mean dift. 0.01 0.03 o 
t 0.267 0.730 cue 
{4 P 0.80 0.50 — 


significant difference was found in any group, depending on the hand 
(whether right or left, whether homolateral or contralateral to à 
lesion). 

DISCUSSION . 


The most striking finding in our study is the uniformity in perfor 


kinesthetic after-effects appeared which were practically identical for all [ 
perimental groups. These findings present difficulties for curreat fo! 


TABLE III 


Mean InpivipuAL Dirrerences (1N IN.) or Arrer-Errects BETWEEN 
Arrectep AND Unarrectep HANDS 


Ss with sensory loss Ss without sensory. 


v vin. strip in. strip vin, strip yin. sti 
, Mean dif. 0.04 0.04 0.05 OF 
SD 0.21 0.12 0.07 o. 
b 0.65 0.88 2.00 Ia 

0.60 0.40 0.10 0.30 


tions of the satiational hypothesis. This statement must be qualifi 
Course, by the validity of the basic assumption involved in our d W 

have assumed that fairly gross and localized changes in electri 
"activity in the brain might reasonably be expected after brain damage, 
such damage involves loss of brain substance with subsequent fori 
of scar tissuf porencephalic cysts, and meningocerebral adhesions. I 
2 
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sumption is supported by the fact that such cerebral lesions can be shown 
to produce severe abnormalities in the electrocorticogram and electroence- 
phalogram. . 

Kóhler's conceptions regarding the physiological processes underlying 
figural after-effects are specific. They involve the following two assump- 
tions: (a) Rôle of electrotonus; Ze. perceptual activity depends on the 
appearance of direct currents 1n a corresponding cortical field. (b) Psycho- 
neural isomorphism; Ze. the distribution of these currents in the field, 
and théir rise and fall in time, are directly related to the shape, localiza- 
tion and duration of the resulting percepts. To support Kóhler's hypotheses, 
evidence is needed on both of the above assumptions. One should be able 
to demonstrate (a) the reality of the electrotonic changes in the course of 
perceptual activity, and (b) the appearance of distortions in perception 
when the underlying neural field is distorted by injury, disease, or by special 
experimental agents. 

In support of the róle of electrotonus, Kóhler and his co-workers have 
recorded pc potential changes from the occipital scalp which appear re- 
lated to the passage of visual objects through S’s visual field.” Similar 
potential changes are said to occur in the temporal regions during auditory 
stimulation, Although the existence of such pc potentials appears to be 
established, their interpretation has been questioned in view of the many 
possible sources of artifacts in records of this nature.? Questions have also 
been raised by experiments designed to disturb the cortical fields by short- 
circuiting pc potentials. Lashley, Chow, and Semmes inserted gold pins 
and strips bf gold foil in the occipital lobes of two monkeys, and observed 
no change in the monkeys’ subsequent visual performance on a number of 
discrimination problems. This experiment may not be crucial, however, 
Since it involves two unproved assumptions: (a) that the visual tasks re- 
quired of the animals were adequate to disclose visual deficits, and (b) that 


———rt 


= * 

"Köhler, Relational determinants in perception, in L, A. Jeffress (ed.), Cerebral 
Mechanisms a ional deer A cod: Sys e m) A051, 200-245; Kohler and 
Julia Fishback: The destruction of the Müller-Lyer illusion in repeated trials: I. 
An examination of two theories, J. Exper. Psychol, 40, 1950, 267-281. 

* Köhler and Richard Held, The cortical correlate of pattern vision. Science, ra 
1949, 414-419; Kohler, Held, and D. N. UA ‘An investigation of cortical 
Currents, Proc, Amer. Phil. Soc, 96, 1952, 290-350. ee 

*R, W. eracdi DISEMSIOEd jn L. A. Jeffress (ed.), Cerebral Maclay " 
Behavior (The Hixon Symposium), 1951, 236; Donald Lindsley, Discussion, ibid 

-242. bx 

"^K, S, Lashley, K. L. Chow, and Josephine Semmes, An examination of the 
electrica] field Nero cerebral integration, Psychol. Rev, 58, $951, 123-136. 
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the presence of gold foil or pins interferes sufficiently with the formation of 
electrotonic fields. 

Kohler’s second assumption involves the isomorphism between percep- 
tion and the distribution of pc potentials. Distortions in the underlying 
cortical field would therefore be expected to produce corresponding distor- 
tions in perceptual processes, This assumption derives some degree of sup- 
port from the generally accepted concept of point-to-point projection; as 
shown by electro-physiological studies of localized evoked potentials in the 
post-central and occipital cortex resulting from localized cutaneous 6r visual 
stimulation? There is also ample evidence of localized visual defects 
which are correlated with localized lesions in the visual pathways.'? While 
this evidence attests to a certain degree of correspondence between specific 
points in the perceptual field and specific areas in the cerebrum, it does not 
bear directly on the type of prolonged electrical field changes invoked by 
Kóhler to account for figural after-effects. 

A study which applies more directly to Kóhler's hypothesis, and which 
presents negative evidence, was done by Teuber and Bender, who studied 
apparent motion in Ss who had scotomata due to penetrating lesions of the 
occipital lobe.!* In spite of the anatomical and behavioral evidence of dis- 
continuity in the primary visual cortex, these Ss showed no difference in 
apparent motion induced across the scotomata as compared with apparent 
motion in intact areas of the visual field. 

Our present study may also be taken as a partial test of Kóhler's second 
assumption, inasmuch as it may be postulated that a brain-injured $ with 
demonstrable sensory loss has suffered direct damage to the cerebral somato- 
sensoty projections. Such lesions could be expected to result in gross 
disturbances in electrical field activity, and therefore in alterations in 
figural after-effects. Our Ss included a group with lesions fitting the 
above criteria. Contrary to what might have been expected on the basis of 
K6hler’s formulations the results of this group did not differ significantly 
from those of the normal controls (or, indeed from those of the brain-in- 
jured Ss without sensory defects). 


"^ C. N. Woolsey, W, H. Marshall, and Paul Bard, Representation of cutaneous 
tactile sensibility in the cerebral cortex of the s as indicated by evokt 
potentials, Johns Hopkins Hospital Bull, 70, 1942, 399-441; S. A. Talbot and 
Marshall, Physiological studies on neural mechanisms of visual localization af 
discrimination, Amer. J. Ophthal., 24, 1941, 1255-1264. - 

“G. Holmes and W. T. Lister, Disturbances of vision from cerebral lesions, 
mah penal reference to the cortical representation of the macula, Brain, 39, 1910, 

TH. L. Teuber and M. B. Bender, Perception of apparent movement across 
acquired scotomata in the.visual field. Amer. Psychol, 5, 1950, 271 (abstract). 
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Contrasting results have been reported by Klein and Krech'* in a study 
apparently performed simultaneously with our own.” They found an in- 
crease in the rapidity of onset and magnitude of the kinesthetic figural after- 
effect in a group of 12 patients with brain tumors and diffuse encephal- 
opathies. Specific data in regard to the sensory status and locus of lesions in 
these Ss were not reported, In view of the fundamental importance of the 
concept of point-to-point projection to the Kóhler-Wallach hypothesis, data 
bearing on the locus of lesions are essential in order to adduce positive results 
such as'those of Klein and Krech as critical evidence in support of the 'satia- 
tional’ theory.’ It must be demonstrated that patients with known lesions 
in the primary projection area are the only Ss who show alterations in 
figural after-effects. 

In general, the results of the present study do not bear out predictions 
based on satiational theory. Our negative results indicate that the phenome- 
non of figural after-effects in kinesthesis cannot readily be explained on the 
basis of a theory involving isomorphic projection of sensory impulses and 
altered patterns of current flow related to changes in ‘cortical conductivity.” 


SUMMARY AND CONCLUSIONS 

Twenty experimental Ss and 20 normal controls were tested for kines- 
thetic figural after-effects according to Kohler and Dinnerstein's method. 
The experimental Ss were brain-injured veterans of World War II. Ten of 
them had evidence of impairment of sensory function, 10 showed no sen- 
sory impairment. The Ss were tested for distortions in the apparent width 
of 2-in. sfandard strip after interpolated stimulation with strips 1 and 4 
in. wide. 

There was no significant difference between the performance of the 


E “Klein and Krech, “Cortical conductivity" in the brain injured, Amer. Psychol., 
» 1951, 264 (abstract). : VERLA IS 
( j Kobert A eee of cerebral trauma on kinesthetic after-effects, ibid., 265 
abstract). : 

: In their report, Klein- and Krech_ specifically rejec 


hypothetical constructs. e 
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normal and brain-injured groups. A single exception was found in the 
brain-injured group with sensory deficit; this group showed after-effects of 
normal magnitude and direction under all conditions of testing except one, 
in which variability was so great that the after-effects fell short of being 
significant, With this one exception, no differences were found between 
groups, or conditions. In particular, no significant difference in mean results 
appeared in the performance of the hand contralateral to the cerebral 
lesion as compared to the hand homolateral to the lesion. 

The implications of this study are considered in relation to the satiational 
hypothesis of Kóhler and Wallach. Their hypothesis assigns a primary 
rôle in the mechanism of figural after-effects to the existence of electrotonic 
fields in the cerebral cortex. These fields are assumed to be isomorphic with 
the resulting perceptions. Both these assumptions appear to be incompatible 
with the negative findings of this study which disclosed essentially normal 
kinesthetic after-effects in Ss with penetrating cerebral lesions. 


A RECONCILIATION OF THE VEG SCALE 
WITH FECHNER’S LAW 


By Warrer C. MicHELs, Bryn Mawr College, and 
Harry HELSON, University of Texas 


Attempts to establish psychologically significant ratio-scales have occu- 
pied the attention of a considerable number of workers in psychophysics 
ever since Johnson presented his criticism of ‘pseudo-mathematics’ in 1955." 
Fractionation-methods have seemed to offer the best hope of obtaining 
such scales and have been used in the study of loudness, pitch, warmth, 
weight, and brightness. The results obtained when the various sense 
modalities are tested are alike to the extent that the subjective intensity. 
of the stimulus appears to increase somewhat faster than the logarithm of 
the physically measured intensity—a result which is in conflict with 
Fechner's law. It has been pointed out recently that the argument that 
fractionation-methods lead to ratio-scales is open to logical objection.* 
` True ratio-scales, as distinct from interval-scales, can be established only if 
there is a one-to-one correspondence between the intensity of the physical 
stimulus and the magnitude of the response, ie. if there exists a definite 
intensity of stimulus which produces a stable zero of response. The fact 
that both the response to a given physical stimulus and the threshold de- 
pend on the adaptation of the organism prohibits us from accepting such a 
stable zerb. It is the purpose of the present discussion to show that the 
results obtained by fractionation can be explained quantitatively on the 
assumptions that interval-scales, rather than ratio-scales, are appropriate for 
Psychological purposes and that such scales may be established by tech- 
niques used in rating-scales. 

One of the best determined ratio-scales, and one which has received 
considerable discussion, is the veg scale for subjective weight, introdüced 
by Harper and Stevens.* Because this scale is very similar to others obtained 


* A icati mber 21, 1953. i 3 
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by fractionation, and because sufficient data are available on weight-lifting 
experiments done with rating-scalé techniques, the following discussion 
will be principally concerned with the veg scale. 

The reformulation of the Fechner law proposed several years ago is 
based on several assumptions, the ones of special importance to the present 
treatment being the applicability (within limits) of the Weber law and the 
supposition that a properly constructed rating-scale will be used by subjects 
as an intervalscale Subsequent experimental tests have offered strong 
support for the validity of these assumptions, particularly in weightelifting 
experiments.? The major prediction of the theory is that the judgment (J) 
of a stimulus of physical intensity X is given by the expression: 


EN RGlowe (XA mets eS. [1 


where N is defined by the condition that there be 2N + 1 categories in 
the rating-scale, assigned values 0, 1, 2 . . . 2N, K’ is a function of N, and 
A is the adaptation-level. This adaptation-level is a weighted geometric 
mean of all stimuli, past or present, which affect the judgment. The 
weighting factors for the various stimuli may be determined from properly 
designed experiments. 

The original theoretical treatment could not be applied to fractionation- 
experiments, since it dealt only with absolute judgments. It has been shown 
recently, however, that an expression which is formally identical with 
Equation [1] applies to comparative judgments." In this application the 
neutral category 'equal' is assigned the value N, and the comparative 
adaptation-level (A) is very strongly influenced by the standard’ in terms 
of which the comparative judgments are made. The success of the modified 
theory in correlating time-order effects with other psychophysical data 
justifies the extension of rating-scale techniques to comparative judgments.* 
It therefore seems worth while to investigate the predictions of the theory 
concerning the results of fractionation-procedures. 

Ie the determination of the veg scale, which may be considered typical 
of such experiments, the procedure was, in part, as follows.® "Each of the 


“Michels and Helson, Reformulation of the Fe i t 
i i daptation- 
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D i 5 
Helson, Michels, and Artie Sturgeon, The use of comparative rating-scales for the 


evàluation of Psychophysical data, this J 
aluat this JOURNAL, 67, 1954, 321-326. 
Michels and Helson, A quantitative theory of time-order effects, this JOURNAL, 


67, 1954, SER 
* Harper and Stevens, op. cit., 344. 
2 


{ 


VEG SCALE AND FECHNER'S LAW 679 


12 Os made three judgments with each series of weights. . .. The Os were 
instructed to make successive comparisons between the standard and each 
comparison weight, and to select that weight ‘which feels half as heavy as 
the standard.’ " If these instructions were followed, and if Equation [1] 
can be applied, it follows that the judgment Jy of the weight which feels 
half as heavy as the standard must have a magnitude equal to 12]; where 
J: is the judgment of the standard. Denoting the physical weight of the 
standard by S and that of the selected weight by X, we have: 


[i= N +R? loge (SA) E E [2] 
and : : 

Ta = N + K' log, (X/A) = Vale een [31 
The elimination of J, from these two equations shows that 

log, (S/X) = N/2K' + Vo loge (S/A). ets [4] 


Equation [4] may be expected to predict the ratio of the physical weight of 
the standard to the physical weight that is judged to be ‘half as heavy,’ 
provided that the parameters N, K’, and A can be evaluated, 

To a first approximation, valid if the standard is not too far different 
either from the mean of the series stimuli or from other stimuli ordinarily 
encountered, the comparative adaptation-level has been shown to be ap- 
proximately equal to the standard.i? We may therefore expect the general 
shape of the veg-curve vs. the weight-curve to be determined by setting 
A= S, log, (S/A) = 0, to obtain 


log, (5/X) = N/2K ties ware ng ema 


In judgments expressed on a rating-scale, 2N + 1 is the number of cate- 
gories in the scale. Such a scale is not explicitly introduced into fractiona- 
tion-experiments, but a close correspondence between these experiments and 
those using rating-scales may be established. The minimal number of cate- 
gories which the Os could use, below ‘equality,’ would be three: ‘morethan 
half as heavy,’ ‘half as heavy,’ and ‘less than half as heavy.’ Hence there 
would be a minimum of seven categories in à scale which is symmetrical 
about ‘equality.’ Since finer discriminations than this would not be needed, 


it appears that we can take N = 3 


[4A] 


? Michels and Hel . cit, footnote 8. i : : 
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The slope, K’, of the J vs. log, X curve depends on two factors. Were it 
not for self-adaptation, 7.e. adaptation to the stimulus being judged, and if 
the ‘equivalence condition’ were satisfied, we might expect the slope to be 


K=-—ti/log, (1— 1/N)2* ...... eene [5] 


To satisfy the equivalence condition, one must present the Os with a series 
of stimuli ranging over nearly a ten-fold range in weight, as has been 
shown by Nash.t® In the determination of the veg scale, the range used, 
including the standard, was never more than two-fold, Experimente done 
with such narrow ranges of stimuli have shown that the observed slope K^ 
is very closely equal to 2K.1* We may therefore set 


_K/ =—2/log, (1 —1/N) = —2/log, (2/3) = 4.94. .. ..[5A] 


Substitution of this value and of N =3 into Equation [4A] yields the 
value log, (S/X) = 0.304, or 5/X = 1,36. To the present approximation, 
this ratio would be expected to be a constant. Harper and Stevens obtained 
values ranging from 1.27 (20-gm. standard) to 1.55 (1000-gm. standard), 
with a mean value of 1.43. 

Fig. 1 shows a plot of the data of Harper and Stevens (vertical bars). 
The broken line is the plot of the line $ = 1.36 X. It will be noticed that 
the approximate relation of Equation [4A] fits the data within the standard 
deviations of the judgments, indicated by the vertical bars. There is, 
however, a systematic deviation of the prediction from the mean judg- 
ments, the predicted value being generally too high at the higher values 
of S. We may now investigate the more exact Equation [4] to see whether 
the neglected second term on the right improves the prediction. 

Before we can apply the correction, we need an estimate of the com- 
parative adaptation-level, A. This quantity is a function of the standard, 
(S) the geometric mean (M) of the other weights presented to O, and the 


_ residual stimulus R. If the logarithms of S, M, and R all lie within a range 


N, /K' of log A, the value is given by:15 


log A = r log R + m log M + slog S, ..........0e ees [61 
where 
PU D Ue e RI er he nr es [6A] 


# Michels and Helson, op. cit., footnote 5, p. 
a Nash, op. cit, 217. “Sopa ate 
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* Michels and Helson, op. cit., footnote 5, p. 367; footnote 8, p. 329. 


5 


VEG SCALE AND FECHNER'S LAW 681 


If any one of the logarithms of S, M, or R departs from A by more than 
N/K', that logarithm must be replaced by log A= N/K’ in Equation 
[6]. The geometrical mean of the weights other than the standard, as listed 
by Harper and Stevens, may be used for M; R has been shown to be about 
250 gm. in weight-lifting experiments similar to those under considera- 
tion ;!* s has recently been measured as 0.85;!* we may divide the remain- 
ing weight-factor (1 — 5) about equally between r (0.07) and m (0.08) 
on the basis of the simplest assumption regarding their contributions to the 


100 


WEIGHT (X) JUDGED AS 'HALF' (in gm.) 


[s] 


10 100 1000 
WEIGHT (S) OF STANDARD (in gm.) 
(TA FOR WEIGHTS 


Fic. 1. COMPUTED AND OBSERVED FRACTIONATED Da 


The vertical bars indicate both the mean values obtained by Harper and Stevens and 


the standard deviations of the judgments as given by them, The solid line shows the 
calculated relation between S ind X according to Equation [4] and the broken line 
a 


according to Equation [4A]. o 


G 
comparative adaptation-level. These two contributions are so small com- 
ill not be affected 


pared with that of the standard that the final values wi 
seriously by errors in these weighting factors. : 

The calculation of the adaptation-level, the correction te! 
ratio $/X for five different standards is shown in Table I, and the final 
prediction of the weight that will be judged half as heavy as the standard 


tm, and the 
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is shown by the solid line in Fig. 1. When Equation [4] is used for the 
prediction, the fit to the experimental data is as good as that obtained by 
Harper and Stevens with empirical fitting. 

The derivation of Equation [4] is quite different in principle from that 
given by Harper and Stevens? or that published more recently by 
Armington.!? These derivations depend on the empirical determination of 
a function from a log-log plot of the experimental data. This function is 
then integrated or summed to obtain a new, and more convenient, func- 
tion. The present treatment starts from principles which have been,tested 
independently of the experiment being discussed, and proceeds to the de- 


TABLE I 


Computation BY Equation [6] or THe RATIO or THE STANDARD (S) ro THE 
Weitcut (X) Wutcu Appears Harr as Heavy 


x 
S 0.07X 0.08X 0.85x 4 logx ENERO 
(m) P5$ 18M tog x, pM gs A (SA) Cu. Obed 
20 3.00 2.72 (0.26)* 0.22 2.55 (3.03)! —0.02 1.33 1.26 
100 4.61 4.41 (0.37) 0.37 3.92 (4.66) —0.02 1.33 1.30 
sco 6.21 5.98 0.39 0.50 5.28 6.17 0.02 1.39 1.48 
1000 6.90 (6.47 (0.44) 0.55 5.86 (6.85) 0.02 1.39 1.55 
2000 7.61 7.26 (0.46) 0.6: 6.17. (7.24) 0.18 1.63 1.52 
Means 1.41 1.42 


* Numbers in eri are computed by taking log X,=log A+ N/K’, rather than as 


5.52=log 250. All logarithms in this table are to be base e. 


T Harper and Stevens’ values. 


velopment of a formula which fits the data without the use of any arbi- 
trary parameters, 


The fact that the data used to establish the veg scale can be explained in detail 
by the use of a theory based on Fechner's law raises a question as to the meaning of 
ratio-scales. That such scales have genuine operational meaning cannot be doubted, 
Since they are established by a clearly defined and reproducible experimental pro- 
cedure. Whether their operational basis is broad enough to allow the scales to have 
a psychological meaning in situations other than that involved in their determina- 
tion is, however, more doubtful. The apparent flaw in the reasoning underlying their 


by 


construction is the assumption that a fixed physical stimulus is psychologically 
equivalent to itself when it is bresented under different circumstances. Thus, Harper 
and Stevens, after defining the subjective weight of 100 gm. as one veg, show by 
fractionation that 72 Bm. correspond to 0.5 veg if a 100-gm. weight is used as à 
standard. They then assume that the 72-gm. weight has the same subjective weight 
(0.5 veg) when it is presented as a standard for a new fractionational determination, 
and thus arrive at the subjective of 14 veg for a 52-gm. stimulus. According to 
Equations [2], [3], and ([6], the 100-gm. weight evokes a response of 3.0 on a 
scale of 6.0 when it is presented as a standard, and the 72-gm. weight evokes a rê- 
sponse of 1.5 under these conditions of adaptation. When, however, the latter is 


? Harper ard Stevens, op. m 349-351. 
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presented as a standard, the response to it, except for the negligible correction 
V5 loge(S/A), is 3.0,—the same response as was assigned to the 100-gm. weight be- 
fore. We may notice that the ratio of the psychological weight of 100 gm. to that of 
72 gm. is 2:1, regardless of which is used as standard, and that the same ratio holds 
for the 72-gm. and 52-gm. weights. Unless, however, the assumption is made that 
the two responses to the 72-gm. weight are identical, it is not legitimate to multiply 
these two ratios of 2:1 together to arrive at the conclusion that the ratio of the 
psychological weights of 100 gm. and 52 gm. is 4:1. Our interpretation is consistent 
with known facts about adaptation and also with fractionated data; the view that 
the veg scale is a true ratio-scale cannot be reconciled with the well-established con- 
cept of adaptation. 

Although our approach casts doubt on the validity of the term ‘ratio’ as ap- 
plied to the veg and similar scales, it does support the contention that Os can 
make judgments of ‘half as intense as’ with accuracy and reliability. The assump- 
tion that such judgments can be made underlies Equation [5] and consequently 
all of. the subsequent treatment—the success of the theory in predicting the ex- 
perimental results is therefore a direct justification for believing that observers can 
act in this way.” 


Because of the wide applicability of both Equation [1] and of the 
methods of fractionation, there appears to be no reason why Equation [4] 
should not apply to the data used to determine the sone and other scales, 
as well as that considered here, The only apparent difficulty is that 
parameters such as the residual stimulus and the weighting factors for the 
standard and series stimuli have not yet been measured for all sense 
modalities. A study of the data which lead to the ‘bril’ scale of brightness?! 
has been carried on by one of us and it appears that these data are com- 
pletely consistent with the reformulated Fechner law.?? 


After the first part of this study was completed, the authors had the opportunity 
of seeing a epar of some recent unpublished work of J. P- Guilford and H. F. 
Dingman. The purpose of their experiments was to test fractionation techniques by 
comparison with constant sum methods. As part of their procedure, they re eated the 
work of Harper and Stevens except that they offered the Os the choice of 17 of 21 
weights, varying between 6% of the standard and two or three times the standard. 


Their rat 1.67 and 1.92, with a mean val 
piu acd correspond more closely to our theory than do 


or more, As a result, we may use the theoretical slope K in Equations 4] $ 
instead of the corrected Joe K'. This changes log (S/X) in the latter cael i 
a factor of exactly 2.00. We therefore have loge (S/X) = 0.609 and 5/. fe 
The close agreement between this theoretical value and the ratio found by Guilfor 
and Dingman not only offers additional support for the theory but also shows Du 
apparently discordant experimental results may be reconciled in detail through the 
use of the reformulated Fechner law. TE : 
E. Michels, Interpretation of the bril scale of subjective brightaess, J. Opt. Soc. 
mer., 44, 1954, 70-74. 2 : 
.? This work has been done as part of a psychophysical program which has been 
aided by grants from the income of the Carnegie Corporation Endowment given to 
Bryn Mawr College for the codrdination of the sciences. 


peared to grow during the first few moments of the test-period.* Should this observa- 
tion be borne out by rigorous experimentation, it would not only have important 
implications for the Kóhler-Wallach theory of satiation,’ but it would also provide 
serious evidence against the interpretation of figural after-effects developed by 
Osgood and Heyer. The present experiment was designed to provide a careful test 


THE MAGNITUDE OF FIGURAL AFTER-EFFECTS AS A 
FUNCTION OF THE DURATION OF THE TEST-PERIOD 


By Jonn Krauskoprr, University of Texas 


In a recent discussion, Köhler stated that figural after-effects occasionally ap- 


of the reported phenomenon. 


In the Kohler-Wallach system, regions of different field-brightness result in 


regions of different electrical potential in the visual projection-area. It is further 


hypothesized that direct (figure) currents flow between such regions around the 


contours. The relative positions of the various contours in the field are supposed 


currents is assumed to be a self-limiting process, e. the passage of these currents 


to be a function of the ‘interaction’ of such figure currents. The flow of figure 


alters the medium in which they flow so as to reduce the strength of subsequent 
currents. According to Kéhler, "any direct currents which flow through the nervous 


system polarize the surface of the cells, and also change their polarizability."* | 
When a contour of a test-figure (T) falls in the region of a contour of a pre- | 

viously fixated inspection-figure (I), its figure currents encounter an altered cortical 

medium. If the T-contour falls to one side of the I-contour, its figure currents will 

be asymmetrically affected and the contour will appear shifted away from the region 


of the I-contour. 


Köhler lays particular emphasis on the polarizability induced by electrontonus, 


stating: 


ductivity of its cortical area an 


One is tempted to say that [E presence of an l-object lowers the con- 

t 1 : d adjacent regions. Actually, the change appears to 
be mainly an increase in polarizability of the tissue in question. . . . If the con- | 
ductivity of an area is lowered, the intensity of a current which passes through this 


area is at once decreased. On the other hand, if the same area assumes a high degree 


of polarizability, a test current will be weakened only as its own flow polarizes the 


area to the high degree which is now possible. This takes a certain time." 


If jah increase in polarizability is the dominant result of prolonged fixation, it 
should then be expected that when exposures of T-objects are short, their displace- 
ments should be smaller than with longer exposures. 


v Accepted for publication November 10, 1953. 
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The alternative explanation of figural after-effects developed by Osgood and 
Heyer is more in accord with orthodox conceptions of neurophysiology. This theory 
is based, at least in part, on the Marshall and Talbot analysis of the neural 
mechanisms underlying sensory acuity.’ According to Marshall and Talbot, optical 
factors result in a blurring of the details of the retinal image. Further diffusion 
of the neural pattern of firing results from the shifting of the retinal image as a 
function of fixation-nystagmus. The result is that a line is represented in the 
nervous system as a ridge of activity, normal in shape, rather than an all-or-none copy 
of a line. Although peaking of the distributions of activity by reciprocal overlap 
and summative processes is postulated, the cortical pattern of firing is assumed to 
retain the statistical character of the retinal image. 

Fibers of the on-off type are excited by the changes in incident energy caused by 
shifts of the retinal position of contours due to nystagmus. Osgood and Heyer 
postulate "that the apparent localization of a contour in subjective visual space 
coincides with the localization of maximal excitation in area 17." Further, they 
postulate that prolonged activity of these on-off fibers results in a state of adaptation, 
the degree of which is proportional to the rate and duration of firing. In addition, 
they hold that there is à maximal level of adaptation possible, and that the rate of 
adaptation is proportional to the difference between the existing level of adaptation 
and this maximal level. An increase in the level of adaptation results in a pro- 
portional reduction of firing. 

Figural after-effects are accounted for, according to this model, in the following 
manner: Prolonged fixation of an L-figure results in adaptation in the region of its 
contours. When a contour of a T-figure falls somewhat to one side of the contour 
of the I-figure, the distribution of firing of on-off fibers associated with it is altered 
as a result of the inhomogeneous pattern of adaptation. The maximum of the 
distribution, and therefore the apparent location of the contour, is shifted away from 
the region of the contour of the I-figure. 

Application of this theory leads to the prediction that after-effects should decrease 
in magnitüde as a function of testing time. If the T-figure remains in view for a 
period of time, adaptation processes due to its presence should occur. Since rate of 
adaptation is proportional to the difference between the existing level of adaptation 
and the maximal possible level, the level of adaptation should rise less rapidly in 
the previously adapted region. In Fig. 1, the right curve shows the pattern of firing 
which would occur if the T-contour were presented in an unaffected region. The 
left curve indicates the pattern of adaptation which would result from the prior 
préence of an I-contour. The shaded arca represents the initial zeduction of en-off 
fiting which occurs when the T-contour falls in the region of an J-contour. Since 


there is less firing and more adaptation on the left than on the right of the T-contour, 


* i ural mechanisms in 
W. H. Marshall and S, A. Talbot, Recent eg E aa EE A 


Mechanisms, Biological Symposia, 7, 1942, 117-164. $ yi it 
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adaptation takes place faster on the right than on the left, and both level of adapta- 
tion and rate of firing on the right and left tend to be equalized. In this way the 
inhomogeneity of the adaptation-pattern should be reduced and the after-effect 
should be smaller with longer test-times. 


Apparatus. A Gerbrands tachistoscope was modified to permit successive presenta- 
tion of three stimulus-configurations (a composite of the three configurations is 


INTENSITY OF NEURAL FIRING 


LEVEL OF ADAPTATION 


I T 


Fic. 1. HYPOTHETICAL DISTRIBUTIONS OF ADAPTATION AND NEURAL FIRING 


Left curve-pattern of adaptation associated with the I-contour; right curve-pattern 
of firing associated with I-contour falling in an unsatiated region; shaded region- 
initial reduction in firing when I-contour falls in satiated region. 


presented in Fig. 2). The configurations were: (1) an I figure—a black square 
(2° 38' x 2° 38') and a fixation-point; (2) a luminous fixation-point, and (3) 
a T-figure—two black rectangles (2° 38’ x 1° 19') and a fixation-point (by appro- 
Priate adjustment all three fixation-points appeared in the same place). The first 
and third configurations were presented by illumination of the front fase of the 


I 


^; 
d 5 CEN y EE d 
Fic. 2. COMPOSITE OF THE AFTER-EFFECT STUDIED, SHOWING 
THE RELATION OF THE l- AND T-FIGURES 


stimulus-figures; the second by shining a light through a hole which served as the 
fixation-point of the first configuration. The inner edges of the T-rectangles and 
the Lsquare were 2° 38’ from the fixation-point in the lateral direction. The dif- 
ferénce in height of the lower edge of the I-figure and the upper edge of the 


right T-rectangle was 15.8’. The left member of the T-figure could be moved 
2 
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vertically by a micrometer control in steps of 0.8’. The presentation of the stimuli 
was timed by means of a bank of three electronic interval timers of the Hunter- 
Brown type.” ki 

Procedure. The after-effect (the apparent drop of the right rectangle as a function 
of prior viewing of the square) was measured for five presentation times of the 
T-objects—0.3, 0.6, 0.9, 1.2 and 1.5 sec. After establishing a high level of satiation, 
method of limits determinations of the setting of the left rectangle of the T-figure 
necessary for it to appear equal in height to the right rectangle were made. Four 
series (two ascending and two descending) were used to determine the PSE for 
each of, the five times. The T-objects were presented in the following fashion: After 
a preparatory signal E depressed à key; the [figure was replaced by the fixation- 
point which was in time replaced by the T-figure. The T-figure remained on for 
a ‘short time and was finally replaced by the J-figure which remained on until E 
again depressed the key. (In this way, satiation was held relatively constant through- 
out the session.) To control the reduction in magnitude of after-effects as a function 
of the time between the presentation of the I- and T-figures, as reported by Hammer, 
the total time from the disappearence of the I-figure and its return was held constant 
(at 2.1 sec.) for all series.” Before the satiation period, the PSE for each test-time 
was determined for each of the Os. For these control settings the preéxposure-field 
contained only the luminous fixation-point. In all other respects the determinations 
were made in the same fashion as the post-satiational settings. 

Five graduate students, whose eyesight was normal or corrected to normal, served 
as Os. One O was assigned to each of the five orders of the exposure time determined 
by a 5 X 5 Latin square. Following the determination of pre-satiation PSEs for all 
exposure-times each O viewed the Lobject for 3 min. (it was expected that a fixation- 
period of this length would yield maximal satiation). The Os then made post- 
satiational settings for each of the five exposure-times (the same order of exposure- 
times was used for the post-satiation settings) - All the data for each O were collected 
in a single session. 

Results. Results of analyses of variance performed on the pre- and post-satiation 
settings for all Os are presented in Tables I and II. For the analyses, the mean of 
the four settings for each exposure-time for each O was used as a score. No sig- 
nificant variance due to exposure-time or trials is evident in the pre-satiation results. 
The variance due to Os is significant beyond the 1-% level of confidence. The 
variance due to Os is also significant beyond the 1-% Jevel for the post-satiation 
settings. In addition, significant variance attributable to trial (beyond the, 5-% 
level) and to exposure-times (beyond the 1-% level) were found. e 

No formal test of the significance of the differences between pre- and post- 
satiation PSEs was made since, in the case of every O, there was no overlap between 
the mean pre- and post-satiation PSEs. 

Since no significant differences attri 


in the pre-satiation settings, the mean o! 
3T, A. Hunter and J. S. Brown, A decade-type electronic interval-timer, this 
JOURNAL, 62, 1949, 570-575. 


*E. R. Hammer, Temporal factors in figural after-effects, this JOURNAL, 62, 
1949, 337-354. * 


butable to exposure-times or trials was found 
f these determinations for each O was taken 
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as the pre-satiation PSE. The magnitude of the figural after-effect was computed 
by subtracting the pre-satiation PSE from the mean post-satiation setting for each 
O at each exposure-time. The mean magnitudes (in minutes of arc) for all Os are 
plotted as a function of exposure-time in Fig. 3. A strong inverse relationship 
between magnitude of after-effect and exposure-time is evident. The smooth curve 
fitted to the data shows a negatively accelerated form. The relation between magni- 
tude of after-effect and order of presentation presented in Table III is also rather 


TABLE I 


ANALYSIS oF VARIANCE OF THE LATIN Square DESIGN 
FOR THE Pre-SATIATION SETTINGS 


Source of variance Sum of square df Mean square F 
Times 3290 4 822.5 Dir] 
ES 1580 4 395.0 EU 

31430 4 7857.5 7:37 
Residual 12800 12 1066.7 
Total 49100 


* Significant beyond the 1-% level. 


interesting. Although the I-figure was presented almost continuously throughout the 
testing-session, the magnitudes of the after-effects were smaller at the end of the 
test-session than in the beginning. 

Discussion. The results presented show quite clearly that the magnitude of figural 
after-effects decreases with the length of the testing-period. Thus, it seems that 
Kóhler's contention that the passage of figure currents results in an increase in the 
polarizability of the tissues is not substantiated. It is, of course, possible that the 


TABLE II 


ANALysis OF VARIANCE OF THE LATIN Square DESIGN 
FOR THE Posr-SATIATION SETTINGS o 


Source of variance Sum of square df Mean square his 
Times 54634 4 13658 r 
m 58.5 12.96 
ES Bre 4 3043. 5 3 -15$ 
: 4 18153. 17.22 
Residual 12652 12 id a i 
Total 155674 24 


* Sigaificant beyond the 1-% level. 
t Significant beyond the 5-% level. 


times used in the present experiment were too long. The curve presented in Fig. 3 
is, however, negatively accelerated and there is no indication that the shape of the 
curve would change if determinations were made for shorter test-times. 

The quantitative facts revealed seem to present certain difficulties for the theory 
presented by Osgood and Heyer, The mean magnitude of the after-effects obtained 
with a test-period of 0.3 sec. was 12.6’. This value is attentuated by several factors: 
the interval between the disappearance of the I-figure and the appearance of the 
T-figure (1.8 sec. for the 0.3 sec.-exposure), the decrement due to the trials effect, 
the use of solid rather than outline figures, and the fact that the distance between 
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the I- and T-figures was arbitrarily chosen and not necessarily that which would yield 
"the maximal effect. Much larger after-effects than those reported here should be ex- 


TABLE III 
Mean MAGNITUDE OF FIGURAL Arrer-Errects FOR 
Att Os on Eacu Triar (m Mures) 
Trial 
Y 2 3 4 5 
do-5. 10.2 9.1 7:7 9.5 


pected (in fact, much larger ones have been observed in this laboratory by use of the 
present method). Marshall and Talbott” give 4’ as the mean nystagmic fluctuation, à 


-EFFECT (MINUTES) 
Om Ose GO ms et aos 


MAGNITUDE OF AFTER 
x 


3 6 9 (aed 
TEST-TIME (SECONDS) a 


Fic. 3. MEAN MAGNITUDE OF AFTER-EFFECTS AS A FUNCTION OF TEST-TIME 
After-effect in minutes of arc; test-time in seconds. 


d Fliegelman." The neural mechanisms are 
ma the distribution of 


value apparently derived from Adler 
supposed to peak the distributions of firing. The sigmas of 


"M; , cit, 144. 1 
E Marsha and ad M Fliegen, Influence of fixation ong the visual n 


| Arch. Ophthal, 12, 1934, 475-485. H 
1 . 
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cortical activity must thus be expected to be considerably smaller than 4' 
not seem possible that after-effects of the magnitude reported here can be 
from such restricted distributions. 
Certain methodological conclusions can be drawn from these data. The 
show that after-effects can be maximized with short-test exposures. It is also a] 
that reliability of measurement can be greatly improved if this variable is pro| 
controlled, 


SUMMARY 


- Figural after-effects have been found to diminish in magnitude as a func 
the length of the test-period. The results have been evaluated in the light 
Kóhler-Wallach model and the Osgood and Heyer interpretation of figural afte 
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SYSTEM IN THE RELATIONSHIP OF AFFECTIVE VALUE TO 
FREQUENCY AND INTENSITY OF AUDITORY STIMULI 


By J. P. GUILFORD, University of Southern California 


In 1941, Singer and Young published a report of a number of studies of judg- 
ments of affective responses to various types of stimuli.’ Among these studies was an 
experiment on the relation of affective value to the properties of auditory-stimuli. 
Stimuli giving relatively pure tones were varied systematically over wide ranges of 
both frequency and intensity. 

Seldom does an investigator envisage his problem so broadly or take the pains 
to explore his region of investigation so intensively. In the treatment of their data, 
however, Singer and Young did not take full advantage of the possibilities for 
showing the continuity and order with respect to the functional dependence of 
affective values upon the two major stimulus-variables. By combining tones into 
groups of two intensity-levels while showing the average ‘affective values’ in rela- 
tion to frequency and by combining the same tones into groups of two frequency- 
levels while showing the average ‘affective values’ in relation to intensity, they were 
able to draw some very rough conclusions.* These conclusions were that low-pitched 
tones and soft tones are preferred to high-pitched tones and loud tones. 

In a somewhat parallel study on the relation of affective value to hue, tint, and 
chroma of colors, the writer was able to show considerable continuity and system." 
It is the purpose of this short article to treat the Singer-Young data in a manner 
analogous to that for color preferences, to see whether we can derive a picture of 
the shape of the regression of affective value as a function of frequency when inten- 
sity is held constant at different levels and of the shape of the regression of affective 
value as,a function of intensity when frequency is held constant at different levels. 
If there is sufficient clarity of continuity in these relationships, we can also determine 
what combinations of intensity and frequency will most probably give rise to an 
average affective reaction of indifference or of any other selected value, pleasant or 
unpleasant, on the affective scale. 


Experimental conditions. Certain experimental conditions are pertinent to under- 
standing and interpretation of the findings to be reported here. Singer and Young 
report that the tones were produced by means of a beat-frequency oscillator gin con- 
nection with a dynamic speaker. The selected frequencies varied from 100 tlrough 
1000 in steps of 100—, and also included 1200, 1400, 1600, 2000, 2400, 2800, 


3 i es in affective reaction: II. Dependence of 
W. B. Singer and P. T. Young, Studies in aff deer UD Deeds jos 


that the authors used 


hence they were 
percentages as measures of pleasantness and unpleasantness and T 
dealing ith ordinal values. Later the same term ‘will be applied to intervaltcale 


values on the same continuum. , 3 
* J. P. Guilford, System in color preferences, J. Soc. Motion Ric. Eng., 52, 1949, 
197-210. ia 
691 [] 


` frequency-levels, only 11 of the 18 experimental frequency-levels being shown. The 
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3000, 3200, and 4000~, or 18 in all. The tones of the 5 highest frequencies 
each presented at 8 levels of intensity, calibrated in odd-numbered steps | 

through 21 and all other tones were presented at 6 levels, 9 through 19.7 
were thus 118 different tones altogether. Every tone was sounded for a d 

Of 5 to 8 sec. The observers (Os) sat in an arc drawn 10 ft. from the sp k 

Thirty-nine Os judged each tone for degree of pleasantness or unpleasantness ¢ 
times (156 judgments for each tone), the different tones being presented randoml; 
counter-balanced order. A rating scale was used but the information extracted fr 
the ratings and reported in the Singer-Young article was in terms of percent 
of P (pleasant) judgments, where the number of ‘indifferent’ judgments had 
divided equally between P and U. 


Quantitative treatment of the data. Yt is well recognized that percentages are n 
Measurements on an interval scale. Since they are ordinal values only we ca 
employ them in an attempt to achieve a picture of the functional relation 
between affective value and the stimulus-variables, For this purpose we need intel 
scale values, If we assume that the dispersion of affective reactions to any stimulu 
is Gaussian and if we assume also that the amount of dispersion on the affecti 
scale is the same for all of the stimuli in the experiment, we have a logical i 
for converting the given percentages of P judgments into corresponding deviate or 
z values on the base of the normal curve. The writer took these steps with the 
Singer-Young data, then plotted the resulting affective values as a function of fre- 
quency (intensity constant) and also of intensity (frequency constant). 

There were numerous irregularities in the data, as one should expect from simil: 
experiences. Although the N for the percentages was 156, since there were only. 
.39 Os, the number of degrees of freedom for each datum is somewhere between. 
those two figures, depending upon how self-consistent the Os were. In spite of the 
irregularities, there was evident system in both plots, and the drawing of each 


any pair of stimulus-values for intensity (I) and frequency (F) there had to be an 
identical affective value in both plots. After considerable smoothing, making use of 
this cross-information, the resulting fitted functions are as shown in Figs, 1 and 2. 

Fig. 1 shows the regressions of affective value on sound frequency at the eigh' r 
different levels of intensity. Since there was a scarcity of data for I-levels of 7 and 
?1, those curves are in dotted lines. They were completed by introducing: extrapole- 
tions. at is obvious, however, that at any frequency-level the greater the sound: 
intensity the less pleasant the tone, and for all intensity-levels the bigher th 
frequency the less pleasant the tone. In the relation to frequency, however, the 
decline in affective value with frequency is of decreasing deceleration, with little 
change in affective value above 1500~ for the louder tones, and above 2000~ 
for the softer tones, 


Fig. 2 shows the regressions of affective value on intensity-values for different 


decline is slowest among the softer tones with generally increased rate sf change 
among tones of moderate intensity and with slower changes for the higher-pitched 
tones among the Iduder levels. thus most of the regressions are slightly sigmoid 
exceptions occuring at frequencies of 100 to 300~. 
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By utilizing the curves in Figs. 1 and 2, it is possible to construct a chart of 
isohedons. An isohedon is defined as a line of constant affective value Fig. 3 
shows the result for the Singer-Young data. In a field representing all combinations 
of F- and I-values within the range of the experiment, the points at which certain 
constant affective values should be found are indicated. First note the locus of the 
indifference level, at which affective value is zero. It is the second curve from the 
bottom in Fig. 3. It starts with a tone whose F is 100~ and whose I is 19, and 
ends (by extrapolation) with a tone whose F is approximately 2600~ and whose 
T is near 7. For all tones with combinations of F and I above and to the right of 
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this curve we would predict a judgment of ‘unpleasant.’ For all tones with F and I 
below and to the left of this curve we would predict a judgment of ‘pleasant.’ 
Thus, of all the surface represented by the chart, only a relatively small segment 


in the lower-left corner includes the tones that are likely to be judged pleasant 


under the conditions of the Singer-Young experiment. For tones among the higher 
freqüencies, variations in affective 


value are produced almost entirely by changes in 


* Guilford, A stüdy in psychodynamics, Psychometrika, 4, 1939, 1-21. 
; à 
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intensity. For tones of low frequency, changes in affective value are produced more 
by changes in frequency." 

Some qualifications. Yt must be remembered that the stimulus-variables used in 
these illustrations are derived from the calibrations of the sound-producing appa- 
ratus; they do not fully represent stimulus-conditions at the ear of the O. We are 
assured by Singer and Young that the frequencies were well controlled and were 
checked. As the frequencies were changed, however, the intensity would also change 
somewhat, even with the same intensity-setting of the apparatus, as the authors 
point out, How much this effect modified the intensity-level at the ear of the 
O is hard to say. The authors reported that checks showed the intensity-levels of 
the tones varied less than six decibels for Os seated at different positions in the 
room. We may more appropriately take any I reading as representing an average 
I value for the O. 

To what extent a more complete control of the stimulus-conditions and a more 
accurate quantification of intensity would affect the curves is hard to say. Tt is 
unlikely that there would be important departures in the general shapes of the 
regressions. Some minor readjustments would undoubtedly be called for. The curves 
are presented with the hope that they will be a challenge to some investigator who 
will go to the trouble of doing a more painstaking experiment of the same character 
and with the belief that they represent the relationships of affective value to fre- 
quency and intensity of pure tones, at least to a first approximation. 

Further work should also consider the probable value of varying the duration of 
stimulation. It may be that with shorter times more of the intense and higher- 
frequency tones would be on the pleasant side. It can possibly be predicted that with 
longer exposures of the tones, the region of pleasant tones (of Fig. 3) would shrink 
further. From beginning experiments with pure tones, one could go in a number of 
directions of complication, for example, a systematic addition of overtones, and a 
presentation of tone sequences and of tone combinations. For those who are willing 
to devote the great quantities of time it would require, there is practically no limit 
to the stimulus-variations and the study of their effects on pleasure and displeasure. 
It requires such studies to achieve the laws from which predictions can be made in 


specific stimulus-situations. 


* In spi i ities in the data mentioned above, when affective values 
n spite of the irregularities in ibat ia Pis i3, e 


were predicted for the 118 tones on the basis of the isoh 
were found to be correlated with the experimental z values to the extent of +0.94. 
° © 
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A STUDY OF THE ‘COMMON CHEMICAL SENSE 
By MARGARET HUBBARD JONES, University of California, Los Angeles 


An examination of the literature on the chemical senses reveals a confused state 
of affairs. In addition to smell and taste, a ‘common chemical sense’ is accepted 
by some writers without much tangible evidence and summarily rejected by others 
without much better evidence. . d 

The term ‘common chemical sense’ appears to have originated with Parker in 
1912. He used it to describe sensitivity to chemicals on the bodies of fishes, and 
believed the receptors to be free nerve endings. Parker and Stabler in 1913 
reported thresholds of irritation for ethyl alcohol in man for non-gustatory re- 
gions of the mouth. They compared these thresholds with those for taste and smell, 
but present no evidence that the irritation is different from that of ordinary tri- 
geminal pain. 

Crozier stated that on the cocainized frog's foot he was able to obtain differential 
responses to formic acid and to pinching, with the acid giving good responses with 
reaction-times of 10 to 15 sec. after the foot had ceased to respond to pinching 
(touch plus pain?).* He also tried to separate sensitivity to mechanical and to chemi- 
cal stimuli in his own mouth by the use of cocain. No description of method and no 
data are presented, but Crozier concludes: "I am certain that the two sets of receptors 
are not only qualitatively distinct as regards the sensations with which they are 
connected, but also may be separated by the use of cocain."* 

Moncrieff devotes a chapter to the topic, and claims, citing Parker and Crozier, 
that the sense is distinct from those of taste, odor, touch, and pain.“ Morgan and 
Stellar follow Moncrieff. Geldard ignores the topic completely.’ Woodworth states 
specifically that ordinary pain is responsible for the reaction to chemical irritants 
in the mucous membranes but cites no evidence for his statement Pfaffman is 
not satisfied with Crozier's evidence. He attributes Crozier's results with the frog's 
foot to spatial summation and concludes: "Pain and the common chemical sensi- 
tivity appear therefore to be mediated by the same nerve endings." 

The evidence for the 'common chemical sense' as being distinct from ordinary 
pain is inconclusive, at least as far as man is concerned. The present study was 


* Ascepted f. icati 
is seep g gU Püblicttion September 24, 1953. N X 
> er, The relation of smell, taste, and the common chemical sense in 
vertebrates, J. Acad. Sci., Phila., Ser, 2, 15, 1912, 221-234. 
Parker, and E. M. Stabler, On certain distinctions between taste and smell, Amer. 
J. Physiol., 32, 1913, 230-240. 
W. J. Crozier, Regarding the existence of the ‘common chemical sense’ in 
D J. Comp. Neurol., 26, 1916, 1-8. 
id., 6. 
" R. W. Moncrieff, The Chemical Senses 1946, 127-146. 
; C. T. Morgan and E. Stellar, Physiological Psychology, 2nd ed., 1950, 108-109: 
E A. Geldard, The Human Senses, 1953, 1-365. 3 
s R = eeu. RM Psychology, 1938, 477. iul 
man.. Taste and smell, S. S. iment 
Pools teen a ell, S. S. Stevens (Ed.), Handbook of Experimen 
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undertaken therefore to obtain evidence that would be conclusive—either for or 
against the acceptance of this ‘sense’ 


Apparatus. Three kinds of stimuli were used to arouse pain: (1). chemical; 
(2) mechanical; and (3) electrical. 

(1) Chemical. Solutions of piperidine, the active ingredient of pepper, were 
prepared with distilled water to give a series of 11 dilutions which extended well 
above and below ‘average sensitvity." The dilutions were made volumetrically, 
but these figures have been translated into molar terms (see Table D. The strong- 
est solution of this series produced a significant chemical burn. One drop (0.038 ml.) 
of solution was applied to the experimental area, allowed to remain for 5 sec., and 
then the area was rinsed thoroughly. If pain did not result, the next stronger solu- 
tion in the series was employed, and so on until pain was experienced. 

(2) Mechanical. A mechanical algesimeter was constructed, utilizing a needle 
loaded by a weight balanced on a knife-edge The load on the needle was varied 
by shifting the position of a rider along the lever. The algesimeter was first cali- 
brated on a balance in gram-steps; then quarter-gram steps were laid off metrically, 
The needle was sharpened to reduce the concomitant stimulation of pressure. In 
operation the needle was locked in the up position, then the apparatus was brought 
to within a millimeter of the surface to be stimulated and the needle lowered 


TABLE I 
Soxutions or Pirertoine Usep IN DETERMINING THE TuresHoup oF PAIN 
MI. of ML. of _ Ml. of 
Sol piperidine Molar ay piperidine Molar Sol e qus 
per 35 ml. conc. per 35 conc. 55 ml. . 
PS sol sol. Do. sol. 
1 +300 08628 5 .425 .12199 8 .550 15799 
2 +350 .10057 6 .450 .12914 9 vr S 
: 3 .500 14371 10 A s 
3 375 10771 7 5 437 ER THE E 


4 400 11485 
slowly to the point where the full weight rested on the skin. It is of critical importance 
that the needle be lowered so slowly that acceleration is a negligible factor other- 
wise the weight bears little relation to the threshold. 

(3) Electrical. A break-shock from an inductorium was utilized as the electrical 
stimulus. The active electrode was a double strand of tantalum wire; the inactive 
electrode was wet. The thresholds are reported in arbitrary units, there being no 


réason to attempt to translate them into volts. G 


wt 

? Some difficulty was encountered in choosing an appropriate chemical stimulus. 
Formic acid was tried, since it seemed to be what Crozier had used, but it was so 
sour and so distracting—even when used on buccal areas lacking taste buds Mets 
of its spread when $ rinsed his mouth)—that threshold experiences of pain cou! 
not be attended to. The threshold for irritation, furthermore, was so high that DD 
measurements, it was feared, would not be possible. Among the numerous chemia 
tried, piperidine seemed to be the best for present purposes. We used Eastman’s 
practical grade. 

This algesimeter is similar to one described by M. F Seevers, J. H. Bennett 
H. W. Pohle, and E. W. Reinhardy, The ES produced by nitrous cade ethy B 
and cyclopropane in the normal human subject, J. Pharm. & Exper. erap, 59, 
1937, 291-300. 
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Subjects. Seven Ss (graduate students in psychology or members of the staff) 
were used. Some of them were highly practiced in observation, others were quite 
naive. 


Procedure. $ was told the general nature of the study and the sequence of experi- 
ments to be followed. The mucous membrane of the inside of the lower lip was 
used as the experimental area. Three thresholds of pain were determined by the 
use of electrical stimulation, three by mechanical stimulation, and one by stimula- 
tion with piperidine. All series in the experiment were ascending because of the 
danger of injury when supra-threshold stimuli are used. After the normal thresholds 
were obtained, a solution of cocaine hydrochloride was applied to the experimental 
area, and the thresholds were again determined with the various stimuli. Only 
one determination of threshold was made for piperidine at a given time because, 


TABLE II 
Averace TuresHoLD or Paty (Iustoe Lower Lip) Berore AND Arter COCAINIZATION 
Stimuli 
S Mechanical Electrical Chemical 
Before After Before After Before After 
is 2.80 4.25 6.50 6.00 .II$ «144 
2 1.83 2.08 7-42 7.50 +144 +201 
3-a5t 
3 1.93 3.50 6.75 7.00 .158 .201d 
4 2.75 4.58 7.85 7.58 .158 144 
rats 
5 2.42 5.331 7.50 7.50 -144 .158 
6 2.25 4.00} 7:33 7.43 172 .201f 
7 1.83 4.831 7.83 8.33 144 . 186 


* This S had a 4-76 solution of cocain. His post«ocain thresholds are based on only 
one series with each kind of stimulus. 5 


t For two Ss, three additional thresholds of pai tained for mechanical stimuli after 
the electrical because the threshold appeared to be steadily ting. pa m 
Í No threshold obtainable in at least one of these trials. 


On one spot a stimulus of 8.0 grm. was used without reaching threshold. This appeared 
Quse in the epithelium, enabling the chemical sur to penetrate to unanes- 


whenever threshold was reached, the burning or stinging pain persisted for some 
time, ryaking further work impossible, , 

Preliminary trials were run using a 4-96 solution of cocain which was painted 
on the experimental area with a camel's hair brush—a procedure used in many 
early studies On cocainizing taste. When this failed to produce any measurable 
anesthesia, small cotton Pads soaked in the 4-95 solution were held against the 
area for various lengths of time up to 5 min. Only one $ showed any effect of 
anesthetization with this procedure. For the other Ss, the cotton pads were soaked 
ina 10-96 solution. These pads, changed every 24 min., were applied for 10 min. 
This procedure produced satisfactory anesthetization, but led to the further difficulty 
that some of the thresholds were too high to be measured. 


“Results, The resülts are presented in Table II. The data are too few for statistical 
> 
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treatment, “hence reliance on trends is necessary. It is apparent that in all cases 
mechanical pain showed a large increase in threshold after cocainization. The 
variability in pre-cocain thresholds was small compared to this rise. The threshold 
for break-shock was unchanged by cocainization of the mucous membrane. This 
is probably due to the fact that there are pain endings at all depths. Since the 
electrical stimulus penetrated the tissues, it was able to stimulate the endings lying 
deeper than the cocain penetrated. Indeed, several Ss remarked during the post- 
cocain trials that the shock was felt on the outside surface of the lip, at the inac- 
tive electrode. 

Thresholds for piperidine rose after cocainization in most cases. For Ss 1, 2, and 
3 these thresholds showed large increases. For Ss 4 and 5 the thresholds did not 
rise, but. with these two Ss the mechanical stimulus used in an attempt to reach 
threshold was so intense that it was believed to have made holes in the epithelium, 
through which the piperidine was able to penetrate to uncocainized levels and to 
stimulate ,the receptors there at its normal concentration. For Ss 6 and 7 this 
possibility was avoided by limiting the mechanical stimulus to twice normal 
threshold, In these two cases the threshold for piperidine increased as with the 
first three Ss. i 

The thresholds of pain aroused by piperidine were peculiar in three ways. In 
the first place, they seemed unlike normal sensory thresholds because of their 
definiteness; i.e. the sting was either insistently present or there was nothing. 
Secondly, there was typically a decided time-lag after the application of the 
‘threshold’ solution before the sting became evident, and once aroused, it per- 
sisted for some seconds despite repeated rinsing of the area. Finally, every S 
received chemical burns which were evident for several days, even on spots where — 
the threshold was never exceeded. 


Conclusions. In the majority of cases the rise in the threshold for pain is the 
same, whether obtained with chemical or mechanical stimuli. This suggests that 
the same Mechanism of pain is involved in both instances, There is no evidence 
for differential effect in those cases where there is no question of faulty procedure. 

The peculiar nature of the thresholds obtained with piperidine implies that 
we are dealing not with a true sensory threshold but with a threshold for actual 
tissue damage, which results in the subsequent stimulation of pain via the ordinary 
pain system. 

No evidence was uncovered which would lend support to a theory of a separate 
‘common chemical sense’ as distinct from cutaneous pain. The thresholds obtained 
with chemical and mechanical stimuli do not behave differently under the *in- 
fluence of cocain. It is probable that chemical stimuli are effective by virtue of 


destruction of tissue and the ordinary receptors and fibers of pain. 


THE DURATIONAL THRESHOLD OF VISUAL RECOGNITION 
AS A FUNCTION OF WORD-FREQUENCY 


By PATRICIA KiNG-ELLISON and JAMES J. JENKINS, 
University of Minnesota 


Word-frequency as determined by counts of selected groups of texts has been 
shown to be an important variable in determining the durational threshold for 
the recognition of isolated words presented tachistoscopically. Howes has shown 
that even when legibility of single letters, letter pairs, etc, is not controlled). 
correlations on the order of —0.65 or —0.75 are obtained for the durational 
threshold and the logarithm of the frequency of words as given in the Thorndike: 
Lorge tables? These results have been of great significance in the criticism of 
the experiments which have been presented as demonstrating the effect of values 
and needs on perception.’ i 

Solomon has attempted to examine this perception-time and frequency-relationship 
in a more rigorous setting in which word-frequency could be directly controlled | 
instead of being estimated from relatively crude methods of counting words. This 
experiment, which is reported by Solomon and Postman, demonstrated an €x- 
tremely high relationship (—0.96) between the two variables.* 

In view of the importance of this relationship to research in the area of per- 
ception and verbal behavior, the present experiment was performed to see if the 
relationship was stable under slightly different conditions. 


Method. The experimental procedure was identical with Solomon's except aš 
noted below. Ten experimental words were selected, In this study the words were 
five-letter paralogs (taken from the portion of Dunlap's list reprinted in Wood- 
worth") in place of the seven-letter Turkish words used by Solomon. A pack of 
100 cards, each bearing a paralog, was made up for every S. In each pack two 
of the paralogs appeared 25 times; two appeared 10 times; two appeared 5 times; 
two appeared twice and two appeared once, making a total of 10 words and 
86 cards. Fourteen cards with dummy words were added to make the total of 100. 


* Accepted for publication December 16, 1953. This study is part of a series 
on werbal behavior being conducted at the University of Minnesota under Cofitract 
Ne. N8 onr-66216 with the Office of Naval Research. 

D. H. Howes, The Definition and Measurement of Word Probability, Ph.D. 
Thesis, Harvard University, 1950. 

E. L. Thorndike and Irving Lorge, The Teacher: Word Book of 30,000 
Words, Teachers College, Columbia University, 1944. 

See Howes and R. L. Solomon, Visual duration threshold as a function of 
word probability, J. Exper. Psychol, 41, 1951, 401-410; Solomon and Howes, 
ars Elo d verd AR and visual duration thresholds, P jon 

5 ; -270; and Howes, The intelligibili es, this 1 
E 6, 15a 460-463 intelligibility of spoken messag : 

olomon and Leo Postman, Frequency of usage as a determinant of recognition 

a thresholds for words, J. Exper. POT 43, 1952, 195-201. 
R. S. Woodworth, Experimental Psychology, 1938, 15. 
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Every paralog selected was used at each frequency-level in a counterbalanced design. 
The order of presentation within a deck was random. 

Fifteen students in an introductory psychology class were used as Ss. Every $ 
was told that the paralogs were Turkish words and was asked to spell and pro- 
nounce the words on each card in his deck. Following this he was left alone to 
read unrelated material for 20 min. At-the end of this period he was taken to a 
different room in which the paralogs were exposed to him tachistoscopically. 
Four dummy paralogs were used for practice and then the 10 experimental paralogs 
were given in a predetermined sequence. Because of the limitations of time it was 
not possible to interpose other paralogs in the test-sequence as Solomon had done. 
While it might appear that this procedure would be transparent and lead to guessing, 
it did not, as the analysis of the data indicates, affect our results. 

"Tachistoscopic exposures of each word began at 50 m.sec. Successive exposures 
increased in steps of 10-20 m.sec. up to 200 m.sec.; in steps of 20-30 m.sec. up 
to 450 m.sec. and in steps of 50 m.sec. beyond that point. This follows Howes' 
procedure. The durational threshold was the exposure-time at which the S first 
correctly identified the test-word. On both the cards and the tachistoscopic material 
the words were typed in capital letters. 

At the end of the experiment, the Ss were allowed to ask questions and to 
comment. They appeared to have little conception of the aims of the experiment 
but were concerned as to whether they were giving a good performance. 


Results. The data were analyzed to obtain the mean exposure-times for each 
frequency of presentation in the deck of 100 cards. The data are presented in 
Table I. The correlation between the mean exposure-time and the logarithm of the 
frequency of presentation was found to be —0.99 which confirms the results of 
Solomon and Howes. 

Correlations for individual Ss are given in Table II. Here each frequency- 
clas was represented by only two words. Counterbalancing to eliminate the effects 
of the legibility of the individual words, of the order of the words, etc., was not 
possible. The median individual correlation was found to be —0.43 which in- 
dicated a rather marked effect of frequency even when many other variables were 
uncontrolled and the single case was considered. E 

The possibility that the relationship rests upon S's awareness of the experi- 
mental aims or upon the elimination of his alternative responses as the test- 
words are run may be examined by a consideration (1) of the data for the first 
test^word presented, (2) of a comparison of the recognitive thresholds reqtlired 
for the first and last words, and (3) of the results when they are placed in an 
information-theory frame of reference. 

The average recognitive time of 
may be grouped by frequency-class. 
average recognitive thresholds are given 
averages approximate the over-all averages as 
this small number of cases. 

A comparison of the first and last paral 
last were recognized, on the average, only 
Howes finds the effect of practice in similar exp 


the first word in each of the sets of trials 
This provides three entries in each class. The 
in Table III. It may be seen that these 
closely as could be expected with 


logs in the test-series shows that the 
30 masec. faster than the first. Since 


j « 
eriments up to 60 trials, it seems 
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quite likely that our difference may be due to that effect. There does not ap 
to be any such great differences as might arise if the Ss were eliminating all 
tives. $ 

A conversion of these data into terms of information-theory is enlighten 
If the perceptual situation is considered as a Communicational channel 
which symbols are being transmitted to S as a destination, the known prior frequ 
of these symbols may be tested as an index of the amount of 'information" 


TABLE I 
Mean Recoonrrive TuresHoLD (IN M. Sec.) ror Every Frequency or APPEARANCE 5 
Frequency of appearance a5 10 5 2 b 
Recognitive threshold 168 203 221 271 289 
convey. A highly frequent symbol (one which has a high probability of occurri 
conveys very little information, that is to say, it is highly predictable, An infreq 
symbol conversely carries a great deal of information. This may be expressed 4 
the number of binary choices necessary to select the symbol by the formuli 
H = —logsp where p is the probability of the symbol. When this is done we maj 
represent each frequency-class by a figure showing the amount of ‘information 


TABLE II 
CORRELATIONS or ĪNDIVIDUAL Ss BETWEEN Mean Recoontrive THRESHOLD AND 
LOGARITHM or FREQUENCY or APPEARANCE 
+.30 —.3t —.41 —.49 —.66 
—:14 —39 —.45 eges JB 
—.16 —.40 144 —.66 — 8 
which is attached to a member of that class. These data are given in Table 
Since this manner of expressing the data is a simple transformation of the 
measure used, the correlation between ‘information’ and threshold is the same | 
the first correlation with the sign changed, (--0.99) This may now besinterpreted 
as follows: As the amount of information per symbol increases, the durational 
threshold increases linearly. Since this is the kind of relationship we shoul 


TABLE III 
Meran Rrcoontrive Tünessotp (iv M. Sec.) or THe First TrsrWonp ror Ever¥ 
FREQUENCY OE APPEARANCE 
of appearance 25 10 2 1 
Redgate threshold 160 187 is ea 87 


expect to find in a communication situation in which the probability of a givi 
symbol occurring is the same on every occasion, it also provides support for 
argument that elimination of alternatives did not play an important rôle in 
experiment. 

_ The data may be expressed by an equation in the form ¢ = c + AH wh 
is the durational threshold in milliseconds, c is a constant expressing the 
time lag in perception (a sort of ‘deadtime’), & is the increment in recognil 


`, 6 > 77 
$ NA MAS LS and Warren Weaver, The Mathematical Theory of Communit 
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time for each additional unit of ‘information, and H is the ‘information’ in a 
given symbol expressed in bits. In this experiment c equals 128 msec. and & 
equals 23 m.sec, per bit. As an additional binary choice is necessary to ‘select’ 
a given symbol, the cognitive time for that symbol increases by 23 m.sec. It is 
tempting to suggest that these constants may have utility beyond the description 
of this particular set of data but that, of course, is a matter for further experimenta- 
tion. 


Discussion. The tachistoscopic technique as used here appears to be a very 
stable and sensitive one in which a clear relationship has been demonstrated be- 
tween prior frequency or familiarity of words and their recognitive time. This 
further stresses the fact that studies on perception cannot overlook frequency as a 
major factor in determining visual thresholds. The relationship also may be used 
to good advantage by investigators of word-frequencies and the related problems 


TABLE IV 
Mean Reconrrive TuResHoLp (ty M. Sec.) ror Every INrorMAtion-C.ass 
Information per symbol (in bits) 2.00 3.322 4.322 5.644 — 6.64 
Recognitive threshold 168 203, 221 a7 289 


of meaning, interests, and values, The technique may offer a means of investigating 
individual's states of familiarity with verbal symbols which have previously been 
difficult to ascertain quantitatively. 

Whether the rephrasing of the results in terms of information-theory is valu- 
able depends, of course, on whether it leads to new and fruitful hypotheses. It has 
been suggested by Takada, for example, that research in discriminative reaction- 
time (which can be predicted by similar equations involving the number of alterna- 
tives available) be extended to examine the hypothesis that channel capacity (bits 
of information per sec.) has a constant value for each individual." The same sug- 
gestion sHould be examined in this situation. Inspection of Solomon's data and 
those of this experiment suggests that this hypothesis is not correct, but the necessary 
experiments should be conducted before this conclusion is accepted. 


1Y. Takada, Critical review of psychological research related to the mathematical 
theory of communication and a UR Ha. investigation of the applicability of the 
theory to psychological data, Memorandum Report D-4, Task D, Contract No. AF 
33(038)-25726, University of Illinois, 1952. E, 


SYSTEMIC FATIGUE AND PERCEPTUAL ORGANIZATION 


By WiLLIAM A. LYBRAND, T. G. ANDREWS, and SHERMAN Ross, 
University of Maryland 


The concept of fatigue has proved to be controversial and troublesome.’ In- 
vestigators have been urged to return to observations by and of Ss in a fatigued 
state for hypotheses which may prove fruitful for further study? A review of some 
studies, which provide such observations, revealed a behavioral category which has 
received relatively little systematic investigation; namely, perceptual organization.’ 
A consistent feature of the observations reported in these studies seems to be that 
the fatigued Ss displayed a lack of ability to form relationships among varióus 
stimuli or to relate these stimuli to past experiences. A further impetus for ex- 
ploring some aspects of perceptual disorganization under fatigue-conditions was 
received from a study by Ehrenstein.“ A significant increase was reported in the 
effect of each of five illusions as measured on shipyard workers before and after 
an average day's work. The Müller-Lyer Illusion provided the largest increase. 
Other studies of this type have employed figures of reversible perspective.’ The Ss 
verbal report on the number of reversals which occur for a unit length of time 
was used as the basic measure. The results obtained suggested that perceptual dis- 
organization may have occurred in these studies also, since increases in the number 
of reversals were reported after fatigue-inducing conditions. Ü 

On the basis of these considerations, we designed an experiment in which various 
perceptual tasks were related to fatigue in a systematic manner. 


Procedure. Intially, seven dependent variables were selected for study. Thurstone’s 
factorial study of perception offered a basis for the original selection.’ The tasks 


* Accepted fòr publication December 21, 1953. This study was performed under 
Contract DA-49-007-MD-222 between the Medical Research and Dévelopment 
Division, Office of the Surgeon General, U. S. Army and the University of Maryland. 

' Madison Bentley, Tools and terms in recent researches: Is fatigue tiring’, m 
JOURNAL, 57, 1944, 264 f.; J. L. Finan, J. C. Finan, and L. D. Hartson, A review 0! 
representative tests used for the quantitative measurements of behavior-decrement 
under conditions related to aircraft flight, USAF Tech. Rept. No. 5830, Air Ma- 
teriel Command, July, 1949; J. H. Bowen, T. A. Hussman, and W. A. Lybrand, 
A review of the literature on induced systemic fatigue, Tech. Rept. No. 7, Pro): 
De aon Army Med. Res. & Devel. Div., from University of Maryland, 

arch, 1952. 

?$. H. Bartley and Eloise Chute, Fatigue and Impairment in Man, 1947, 1-429- 

* Leonard Carmichael and W. F. Dearborn, Reading and Visual Fatigue, 1941, 
1-483; A. S. Edwards, Effects of loss of one hundred hours of sleep, this JOURNAL. 
54, 1941, 80-91; G. L. Freeman, Suggestions for a standardized stress test, J. e 
Psychol., 32, 1945, 3-11; Nathaniel Kleitman, F. J. Mullin, N. R. Cooperman, an 
S. Titelbaum, Sleep Characteristics, 1937, 1-87; D. B. Tyler, The fatigue of pro- 
longed wakefulness, Fed. Proc., 6 ,1947, 218. 

$ Walter Ehrenstein, Die optischen Tauschungen, Indus. Psychotech., 19, 1943-44. 

I. E. Ash, Fatigue and its effect upon control, Arch. Psychol., 4, 1941 (No. 31), 
1-61; H. L. Hollingworth, Perceptual fluctuations as at fatigue index, J. Exper. 
Psychol., 24, 1939, 511-529; Lyle Tussing, Perceptual fluctuations of illusions 4s 

>a possible physicgl fatigue index, ibid., 29, 1941, 85-88. 
* L. L. Thurstone, A Factorial Study of Perception, 1944, 1-148. 
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chosen for the measurability of the organizational elements involved were: (1) 
Perception of Hidden Figures; (2) Müller-Lyer Illusion; (3) Kohs Block Designs; 
(4) Primary Mental Abilities (Space Battery); (5) Size Constancy; (6) Shape 
Constancy; and (7) Perception of the Upright. 

Generally speaking, perceptual organization may be measured in a direct or an 
indirect manner. In the direct type, the organization S ordinarily maintains is 
measured, as in constancy studies. In the indirect type, S is required to adjust his 
organization to some requirements or distractions of the task-situation, such as is 
involved in the perception of hidden figures. A pilot study, in which the performance 
of one «group of Ss was measured early in the morning and of another group late 
in the evening, suggested that tasks involving readjustment or organization would 
be more sensitive to variations of independent variables similar to the one used in 
the pilot study. 

The two independent variables, sleep deprivation and physical exercise, used 
in this investigation were selected on the basis of their applicability to a wide 
variety of situations. An initial criterion of selection limited the choice to condi- 
tions which are ordinarily assumed to induce general systemic fatigue, rather than 
specific sensory or motor fatigue. Thus, it was expected that behavioral variations 
noted under these conditions would be of interest to those individuals concerned 
with the theoretical aspects of fatigue and also of practical interest to those who 
are involved in operations similar to the environmental situations employed. 

A basic 2 X 2 factorial design was used for each of the tasks. An absence and 
presence condition for each variable was employed as indicated in Table I. The 
factorial atrangement made it possible to obtain an estimate not only of the effects 
of each of the independent variables, but their combined effects as well. 

Performance on the Kohs Block Designs, the Perception of Hidden Figures, and 
the Müller-Lyer Illusion was analyzed for four groups of Ss. Each group was placed 
under one of the four possible combinations of independent variables as identified 
by the cells of the 2 X 2 design. The physical exercise (Exericse in Table I) was 
a five-mile march with a 40 pound pack. The marching was done at a rate of 120 
steps per minute. Sleep deprivation was the loss of one regular night's sleep (No 
sleep in Table I). A total of 48 men, college undergraduates, served as Ss; being 
randomly assigned to each cell of the design. The same Ss served for all of the 
tasks. The order of taking the tasks was counterbalanced within each group of 5s. 

It was anticipated that individual differences would be large. Because within- 
Broup differences were to be used statistically to evaluate between-group differences, 
some control of this source of variability was needed. Accordingly, the scorfis on 
the Kohs Block Designs were treated by the analysis of covariance, with pre- 
experimental measurements on the Cards Section of the PMA Space Battery used 
to adjust the experimental measurements. The same technique was used with i 
Perception of Hidden Figures, with experimenta] scores adjusted by pre-experiment: 
measurements on a different set of hidden figures. The technique was not used for 
the Müller-Lyer Illusion, since Ehrenstein had demonstrated that when account. E 
individual differences is taken, the size of the illusion increases after physica 
exercise. Me 

The measure taken on each task for each S was: (1) Miiller-Lyer Illusion— 
mean length in inches of variable segment of 6 adjustments to? 12 in. Lm 
segment; (2) Kohs Block Designs—mean scores 1n pongi required, to complete 
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four designs; and (3) Perception of Hidden Figures—mean score in seconds re- 
quired to locate and trace three simple figures imbedded in more complex colored 
figures. 

Results and discussion. The mean performance score for each of the groups on 
the tasks is shown in Table I. In the case of the Kohs Block Designs and the 
Perception of Hidden Figures, the scores are the means after adjustments for 
individual differences in basic abilities. The effects of the statistical adjustment 
varied. Generally, the means were increased, with the exception of the group sub- 


TABLE 1 
Meran Scores on Att Tasks ror Att Grours 

Sleep No sleep i 

No exercise ML Illusion 13.9 ML Illusion 14.1 
Kohs Block 74.4 Kohs Block 67.6 

Hidden Figures 34.6 Hidden Figures 46.9 

Exercise MLL Illusion 13.6 ML Illusion 13.9 
Kohs Block 53.4 Kohs Block 64.4 

Hidden Figures 23.3 Hidden Figures 38.8 


jected to marching on the Kohs task, and the control group on the Hidden Figures 
task. There was an average increase in precision of the analyses of 28% due to 
using the regression technique. 

As might be expected from an inspection of the mean values shown in Table I, 
an analysis of variance of scores on the Müller-Lyer Illusion revealed no significant 
differences between groups under the various conditions of measurement. Table 
lI presents a summary, of the résults of the analysis of covariance of scores for 
both the Kohs Block Design and the Perception of Hidden Figures. 

The results, while not conclusive, offer hypotheses for further research. Per- 
formance on the Kohs Block Designs (time-scores) was more efficient after physi- 


TABLE II ° 


Anatysis or Covariance or Scores on Kons Brock Destcns 
AND THE Hippen FIGURES 


Kohs Block Hidden Figures 


i i Source df Designs | 
ween physical exercises I : 1103.7 
Between sleep deprivation 1 erp 2220.8* 
Interaction: phys. ex. and sleep dep. 1 3190.3* 43-7 
a eee groups 43 440.0 386.2 ' 

* Statistical significance at 5-% level, 

1 Significance at 1-% level. D 


cal exercise, but less efficient after sleep deprivation. Performance on the Hidden 

Figures task was also less efficient after sleep deprivation, but was not affected 
by physical exercise. Performance on Kohs Block Designs was affected differentially 
by different combinations of the two independent variables. 

: As a tentative conclusion, we may. say that perceptual organization is more effi- 
cient after mild Physical activity and less efficient after sleep deprivation. Both of 
-these conditions are, however, usually assumed to induce general systemic fatigue. 
A number of factors might account for these findings. The physical activity used 
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in the experiment may not have been severe enough nor imposed long enough to 
have a deleterious effect. The work may have served as a warming-up condition. 
The increase in efficiency may then be a function of increases in perceptual vigilance 
produced by this warming-up period.” A severer or longer imposed condition of 
physical exercise might be expected to induce a decrement in performance. Sleep 
deprivation would not be accompanied by the postulated increase in perceptual 
vigilance. Thus performance on tasks requiring a high degree of alertness to a 
variety of stimuli would be less efficient. Cues from stimuli in the environment 
would be ignored or related to other stimuli more slowly. 

It is, interesting to speculate on the discrepancy between the effects of physical 
exercise on the Kohs Block Designs and those effects on the Hidden Figures task. 
From our knowledge of the factors involved in the tasks, it appears that the Kohs’ 
task requires more of an induction or problem-solving ability, in addition to more 
manipulative skill, than is required for the Perception of Hidden Figures. 

The results strongly suggest that perceptual organization is a behavioral category 
which is sensitive to variations in conditions assumed to induce general systemic 
fatigue. The changes also seem to be in accord with variations in physiological 
conditions which occur under these conditions. Additional research is called for 
to ascertain the relationship of perceptual organization to fatigue conditions with 
respect to the type of conditions used to induce fatigue and the nature of the tasks 
used to measure perceptual organization. 


"Increases in respiration, heart beat, blood circulation, and metabolism in gen- 
eral would increase the rate of removing toxic substances. With continued hysical 
activity, the accumulation of these physiological correlates of fatigue would be at 
a higher rate, and we could thus expect the ‘refurbishing’ process to be inadequate. 


THE EFFECT OF PAST EXPERIENCE ON THE PERSPECTIVE 
REVERSAL OF A TRIDIMENSIONAL FIGURE 


> By PAULINE AUSTIN ADAMS, University of California 


This study is concerned with the persistent effects of past experience on the 
organization of a perceptual process. The problem to be investigated is the effect 
of past experience upon the perception of a tridimensional figure. b 

We selected a wire cube as our stimulus-object because it can readily'be experi- 
enced in two different ways and also because the conditions of reversal provide an 
opportunity for testing the effects of past experience" A reversal of the cube consists 
in an inversion of the perspective of the near and far faces with an accompanying 
loss of size-constancy—i.e, the near face appears to be smaller than the more distant 
face. Furthermore, the version perceived at the outset of an observation is always 
the one corresponding to the objective position of the cube in space. Monocular 
reversal of the perspective is achieved by practiced Ss in approximately 5 sec. 

"The general hypothesis that past perceptual experience influences perception can 
be tested by determining whether the monocular perception of the reversed version 
of the cube influences the subsequent perception of it after an interval of no stimu- 
lation when the same or the other eye is used in the observation. 


Procedure, There were two experimental conditions. Condition 1 involved changing 
the eye used for monocular viewing of the cube after a reversal had occurred. In 
Condition 2, $ covered the eye for which the reversal had occurred for a period of 
time corresponding to the time required for shifting eyes in Condition 1. 

The skeletal cube, which was painted dull black, was constructed of rectangular 

a bars 515 in. long and V& in. thick. Four Ss, experienced in the reversal of the 
figure, participated in the experiment. All of them were right-handed and right-eye 
dominant. $ viewed the cube monocularly from a distance of 28 in. by focussing at 
a uniform white background 35 in. behind the cube until a reversal had occurred 
and persisted for 2 sec. Both eyes were then covered for a 2-sec. period. In Condi- 
tion 1, $ uncovered the eye which had been covered when the reversal occurred. 
In Condition 2, the same eye for which the reversal occurred was reéxposed. $ in- 
dicated if the cube appeared in its reversed form or in its objective position. These 
results will be referred to as reverse cube and obverse cube. E 

Four conditions of observation were investigated: R-L (shifting from the right 

‘to the left eye), L-R (shifting from the left to the right eye); and R-R and 
L-L (in which the same eye was re&xposed). Conditions R-L and R-R, in which 
S began a trial using the right eye will be referred to as right-eye training; similarly 


* Accepted for publication August 26, 1953. The author's thank are due Pro- 
fessor Leo Postman for assistance in this study. : 
a The effects of training on the perception of ambiguous two-dimensional 
stimuli has been demonstrated by M. R. Harrower, Changes in figure-ground per 
è ception in patients with cortical lensions, Brit. J. Pekel, 30, 1939, 47-51; and 
R, Leeper, À study of a neglected portion of the field of learning—the develop- 
ment of sensory Organization, J. Genet. Psychol., 46, 435, 4-175. 


> 
° 708 


EFFECT OF PAST EXPERIENCE ON PERSPECTIVE 709 


L-R and L-L will be referred to as left-eye training conditions. The order of these 
conditions was systematically varied that each condition was represented four times 
in each of the four series of observations. Observations within a series were separated 
by at least 15 sec, while the time elapsing between series of observations was at 
least 2 hr. The parallax which resulted when the viewing eye was shifted could be 
compensated for by a slight shift of the body. A reduction-screen was found un- 


TABLE I 


Frequencies OF ALTERNATIVE PERCEPTIONS OF THE Cuse 
Unper VARIOUS EXPERIMENTAL CONDITIONS 


5 Condition 
S Different eyes Same eye 
A RL LR RR LL 
reverse obverse reverse obverse reverse obverse reverse obverse 
LR 13 3 " 9 12 4 14 2 
LP 7 9 7 9 10 6 8 8 
DJ 10 6 5 1 13 3 1 5 
PA 15 I II 5 14 2 12 4 
Totals 45 19 30 34 49 15 45 19 


satisfactory as it permitted partial perception of the cube during the ocular shift. 
All the Ss served under all the conditions. 

Results. The results for each $ in each of the four conditions are presented in 
Table I, which shows the frequency with which the Ss perceived the cube in obverse 
and reverse form following the initial reversal. To test the significance of the 
difference in the number of reversals under the different experimental conditions, 


an analysis of variance was performed (see Table II). E s y 
The F-ratios show that the differences between Conditions, Types of Training, * 


and Ss are significant at better than the 5-% level. The interaction between condi- 


tions and training fails to reach significance. All conditions of preliminary training 


TABLE II 
ANALYSIS OF VARIANCE OF REVERSAL Scores 
Source df Mean square F 
iti X 22.56 7.50% 
eng d 1 22.56 c Me 
T7 A 
ES x 18.73 6.22* 
Error 9 3,01 = 


* F=5.12 at the 5-% level, 10.56 at the 1-% level for 1 and 9 degrees of freedom, 


lead to a highly significant number of reversals when compared with 100% initial 


perception of the cube in the unreversed position. 
j. 7 i influence of past experjence 
Discussion and summary. The general hypothesis of an in p 
on the perception of a tridimensional figure is verified by the demonstration that 
ed, the perceptual process corresponding to the, 


once a reversal of a cube has occurr j n 
i ist in the absence of further retinal stimulation 
reversed version of the cube can persist i 
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and can influence the subsequent perception of the figure. This influence of past 
experience on the perception of a wire cube is demonstrated by the significant 
number of perceptions of the reversed version of the cube after the training pro- 
cedures, as compared with 100% initial perceptions of the cube in its objective 
position. Our interpretation is supported by the Ss’ observation that when they 
initially perceived the cube in its objective position after the interval of no stimula- 
tion, the reversal time was very rapid. 

The significance of the difference between R-L and L-R as compared with con- 
ditions R-R and L-L is interpreted as evidence for the fact that the locus of the 
Prior stimulation is indeed a significant variable. (We assume that this result is 
not an artifact of the slight parallax involved in the ocular shift.) The significant 
difference between the right and left training conditions may be a consequence of 
cortical dominance. The process which has its locus predominantly in the left hemi- 
sphere might exert a greater influence on the subsequent perception. 


E 


CRITICAL FLICKER FREQUENCY, AGE, AND INTELLIGENCE 
By CARROLL M. COrcAN, University of Florida 


Studies by Misiak and others have shown that elderly people have by and 
large lower critical flicker frequencies (CFF) than younger ones! Studies by Hart- 
mann?,and Miller? om the other hand, found no significant difference in CFF be- 
tween children and young adults. These results considered together suggest that the 
CFF may measure the process of aging. If the hypothesis is true, then the higher 
age-ranges should exhibit a marked decline in CFF. This paper presents measure- 
ments of CFF of two groups of elderly Ss. 


Subjects. All the Ss were men residents of Moosehaven, the home for aged 
members of the Moose Lodge, in Orange Park, Florida. There were 18 Ss in 
Group I (65-80 yr. old) and 22 in Group II (81-95 yr. old). 


Apparatus. The light source was a glow modulator tube, Sylvania R-1130, modu- 
lated by an electronic switch. The wave-form was essentially rectangular, thus limiting 
the latency and decay of the light source to the time required for ionization and 
de-ionization of the gas contained therein which was approximately 5 p sec. 

The stimulus-patch was white in color, circular in shape, 6.5 mm. in diameter, and 
3 ft. from S's eyes. The intensity of the patch was 63.50 foot-lambert and, when 
flashing, had a light-dark ratio of 1:1. The light and test-patch were enclosed in a 
large rectangular box, the insides of which were flat-black. 


Procedure. The procedure was the same for all Ss. After adapting 10 min, in a 
partially darkened room, S fixated the patch binocularly. Flicker and the fusion-point 
were given ostensive definition for the S. Five ascending and five descending trials 
were given S who was instructed to report when the flicker disappeared and re- 
appeared, The rate of acceleration was high and irregular. The initial ‘rates of 
repetition were randomized and the exposure was continuous for each trial (approxi- 


mately 6 sec.). 


Results, The mean CFF for each group W: 

ve Accepted for publication October, 1935. This reseusch_ was doe eM UE 
(RAT Public Health Service Research. Fellow of the National T T 
Mental Health. The author wishes to express his thanks for eoo Pa foe Gero. 
m W. Kleemeier, the Director of the "Moosehaven Research Laboratory tor 
tology. *2 RHH H Exper. 
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cance of the difference between the two computed. This difference was foufd to be 
significant at the 10-% level of confidence (t= 1.7, p = 0.10). There is accord- 
ingly one chance in ten that the difference in CFF actually observed between the two 
age-groups could have been due to sampling errors. The difference between the two 
groups is of slight significance. This result is surprising because the differences 
obtained in the earlier studies were quite significant." 

The work of Tanner suggests that perhaps the two groups differed in more than 
age.’ In a study with college students, he found a significant relationship between 
CFF and the ACE Psychological Examination. Since this test presumably measures 
intelligence as well as college aptitude, there is consequently the possibility that this 
factor was responsible for the observed difference in CFF in the present study. To test 
this possibility we obtained the Ss’ scores on the Wechsler-Bellevue Intelligence 
Scale.’ The means for the two groups were computed (using total scores) and the 


TABLE I 
CFF vs, Various Wecus-er Scores Propuct-Momenr CORRELATION Cozrricients 
(N=40) 
Verbal Performance 
Subtest r Subtest T 
Information | +0.20 Picture rement +0.35* 
Comprehension +0.30* Picture Completion +0. 44f 
Digit span +0.03 Block Design To] 
Arithmetic +0.14 Object Assembly +0. 36 
Similarities to Digit Symbol -ro.39* 
Verbal Toal Qnis) ^ — do n* t 
'erbal Total +o. 32' Performance Total +0. 48 
Wechsler-Bellevue Total Score : pore 


* Significant at the 5-% level of confidence, 
t Significant at the 1-% level of confidence. 


. 
test of significance of the difference carried out. This difference was found to be 
significant at the 1-96 level of confidence (4 = 3.27, p = 0.01). 

It now became important to determine, whether age or intelligence was the perti- 
nent variable in the comparison of the CFF. To answer this question, correlation 
coefficients were computed for the following: (a) CFF vs. age; (b) Wechsler- 
Bellevue (W-B) vs. age; (c) CFF vs. W-B; (d). CFF vs. age with the W-B held 
ier and (e) CFF vs. W-B with age held constant. These results are given in 

able 7. 

Inspection of this Table shows that the hypothesized relationship of CFF with 


intelligence is sustained. It is clear that part of what is measured by the Wechsler- 
Bellevue Scale is also measured by CFF—at least for our Ss, 


; Brožek and Keys, op. cit. ; and Miles, op. cit, 

_ W. P. Tanner, Jr, A preliminary investigation of the relationship between 
dr Re of intermittent light and intelligence, Science, 112, 1950 (No. 2903), 

"These scores were made available to the author vi Mr. Robert W. Arms who 


was clrrently engaged in a longitudinal study. All d; 
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The comparison of CFF with age gave a product-moment r of —0.32, significant at 
the 5-% level. The W-B was also significantly related to age, r = —0.53 with 
p= 0.01. The partial correlation of CFF and age with W-B held constant gave an 
r of —0.10 (p = 0.42). On the other hand, the partial correlation of CFF and the 
W-B with age held constant produced an r of +0.36 (p = 0.05). 


Conclusions. The following conclusions may be drawn from these results: (1) the 
difference in CFF between Groups I and II of this study was probably due to intelli- 
gence, not age; (2) the results of this study, in corroboration of those of Tanner's 
demonstrate that there is a significant relationship between CFF and intelligence 
which,is independent of age; and (3) previous studies relating CFF to age must be 
reexamined to determine whether intelligence was a controlled variable—if it was 
not, the conclusions of those studies must be qualified accordingly. It may be that 
the relation of age to intelligence, and to CFF when intelligence is not a controlled 
factor, stems from the fact that after the peak of development is reached, the passage 
of time provides opportunity for the accumulation of physiological accidents or events 
that contribute bit by bit to the impairment of neural functions upon which both 
intelligence and CFF depend. 

The subtests that correlated lowest with CFF could possibly have done so by being 
unreliable tests for these $s and this could have resulted from the Ss’ lack of atten- 
tiveness, Those tests that give S some material object he can attend to (the perform- 
ance subtests) gave significant coefficients; this does not, however, account for the 
high value for the similarities subtest which is entirely verbal. We have no explana- 
tion for the correlational pattern obtained, but we believe that the speculation on 
attentiveness may prove fruitful in further research on this problem. 


PREFERENCE IN THE RAT FOR VERTICAL OR HORIZONTAL 
STRIPES AFTER TRAINING ON A WHITE-BLACK 
DISCRIMINATION 


By O. THomas Law, The Johns Hopkins University 


The present experiment grew from efforts by the writer and others in this Tabora- 
tory to develop complex processes in the rat. On a long series of visual discrimina- 
tions such as were used in these attempts, these animals persistently tended to utilize 
and transfer any available brightness cues. In attempting to control and eliminate such 
cues we observed certain tendencies of the Ss to respond to stimulus-objects of pre- 
sumably equal brightness as though they were in fact unequal. The familiar hori- 
zontal vs. vertical striations problem seemed particularly susceptible, Accordingly 
the following experiment was devised and executed to determine whether this prob- 
lem offered unsuspected brightness cues, 


Procedure. Fourteen 90-day old female rats of a hooded strain were trained in an 
octagonally shaped jumping stand, so designed that eight equally-illuminated 
windows, each 6-in. Square, were placed 8 in. from a centrally placed jumping plat- 
form. The $s were randomnly assigned to two Broups of seven each. One group, 


card and of avoiding the seven windows covered by white cards, All the Ss were 
Biven 10 trials per day. Food reward (wet mash) was placed behind the correct 
window and each $ was allowed a few bites for each correct jump. F 

After training to a criterion of 10 Consecutive correct responses, each $ was rested 
one day, trained again to a criterion of five Correct, rested another day, and finally 


horizdatal, On the first test-day, the vertical Patterns were placed in the odd-numbered 
windows; on the second test-day, they occupied the even-numbered windows. All 
eight windows were unlocked on both days and $ was rewarded for each jump regard- 


Results. Results for each of the two test-days are presented in Table I. Responses 


to vertical stripes only are recorded for Group W, and similarly, responses to 
_ horizontal stripes only for the Ss trained on black-positive, since preferences in 


o 
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general® were in these directions, Since there are always 10 trials in each test, 
responses to non-preferred stimulus-patterns may be obtained by subtracting each 
score from 10. 

Of those in Group W, 5 out of 7 Ss preferred one stimulus pattern to the other by 
a ratio of 7:3 or more on the first test-day. All 7 Ss in Group B preferred one 
pattern to the other by 8:2 or more on their first test-day. Defining preference by 
these ratios, we can say that 3 Ss of Group W preferred vertical stripes and 2 of them 
horizontal stripes; 6 Ss of Group B preferred horizontal stripes and 1 preferred the 
vertical. The second test-day showed some slight shifts in these preferences: One S 
from Group W changed from vertical to horizontal preference, one from Group B 
did the reverse, and another from Group B shifted from a horizontal preference to 
none at all. 
^ Entering the data of Table I in a 4-fold table, the following values of X? result: 
Total x? = 29.50; x? for the first test-day = 27.13; x? for the second test-day = 2.37. 
The P values for total and for the first test-day both lie beyond the 0.1-% level; the 
P value for the second test-day is 0.13 approximately. 

As a double-check, the non-parametric Wilcoxon #-test was applied to the data of 
Table I! The 7-value for the second day did not reach significance. For the total, it 


TABLE I 


Responses or Ss Prerratnep tv Warre Postrtve (Grour W) ann Brack Postrive 
(Group B) ro VERTICAL AND HORIZONTAL STRIATED STIMULI ON 2 SUCCEEDING 


Test Days 
Responses to vertical Ss > Responses to horizontal 
Group Wi 1st day and day Group B ist day 2nd day 
10 10 2 10 10 
1 tI 3 10 10 
3 3 6 10 10 
7 1 9 9 4 
5 4 10 8 7 
II 10 10 m 9 3 
14 6 4 13 2 I 
"Total 42 3 58 44 


fell just short of the 5-% level. The data for the first test-day yielded a #-value 
significant between the 5-% and 2-96 levels, These values indicate a significant pref- 
erence of Group B for horizontal stripes, and of Group W for vertical. Most of the 
Significance of these data is contributed by Group B since Group Ws responses, 
while almost equally marked, were less uniform in direction. An examination of the 
initial response in the test-situation for each S yields similar results. Five of the Ss 
of Group W chose vertical and two chose horizontal patterns on the first jump; 
five of those of Group B responded initially to the horizontal card and two to the 
Vertical. From the binomial, the combined probability of initial responses by each of 
the group to five or more of the opposite stimulus-patterns may be found to be 0.05. 
The decline in preferences which appeared on the second test-day is probably in 
Part due to the association of reward with response to amy pattern, and in pgrt to 


* Frank Wilcoxon, Some rapid approximate statistical procedi American Cy- 
anamid Co., 1949, Pe: elt es 
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development of some slight window preferences. These latter, however, did not 
become sufficiently marked in any case to account for 50% of the total responses for 
the 2 days. 


Discussion and conclusions. The conclusion appears justified that Ss have prefer- 
ences between vertical and horizontal stripes after they have been trained on a black- 
white discrimination, and that in some cases these preferences are quite pronounced 
and persistent. In general, those trained to white positive prefer vertical stripes and 
those trained to black positive prefer horizontal. The reasons for this are not apparent. 
It is possible that the rat is subject to some sort of vertical-horizontal illusion in 
viewing these patterns. However the results may be interpreted they make it apparent 
that some transfer to striped patterns is possible as a result of prior training on 
problems involving flux or brightness cues. 


Summary. Data have been presented on 14 female rats, half of whom were pre- 
trained on white positive vs. black negative stimulus-objects in an octagonal jumping 
stand, the other half being trained on black positive vs. white negative. All were 
then exposed for 20 trials to alternately vertical and horizontal black and white 
Striations in a 100% reward situation. It was noted that those trained on white 
positive tended to prefer the vertical striations, while those trained on black positive 
tended to prefer the horizontal striations, The association was significant at a high 
level of confidence. Better than 80% of the animals tested were noted to show some 
preference irrespective of direction. 


e 


À FURTHER STUDY OF DIFFERENTIAL AFFERENT 
CONSEQUENCES IN NONDIFFERENTIAL 
REINFORCEMENT 


By F. T. CRAWFORD, G. L. Mayes, and M. E. BITTERMAN, 
University of Texas 


In the latest of a series of studies of perceptual development during nondifferential 
reinforcement, a situation was employed in which the difference between the two 
members of a pair of nondifferentially reinforced stimulus-cards was linked consist- 
ently with a striking difference in the afferent consequences of response (goal-box 
color) which had in itself no motivational significance! The hypothesis was tested 
that this linkage would maintain an orientation to the difference between the 
stimulus-cards and thus facilitate the subsequent discrimination between them. The 
results of the experiment were negative, but there was evidence that the critical 
discrimination chosen for the work (wide vs. narrow vertical stripes) was unsuitable. 
In the present experiment, the validity of the hypothesis was investigated with more 
appropriate stimuli. 


Subjects. The Ss were 46 experimentally naive white rats, bred in the laboratory 
and 3—4 mo. of age at the beginning of the experiment. 


Apparatus, A two-window jumping apparatus was employed. Behind the windows 
was a feeding platform divided by partitions into three goal-boxes, the first and third 
of which were painted black and the second white. Since the position of the platform 
relative to the windows could be shifted, it was possible to have either a white box 
behind the left window and a black box behind the right window or a black box 
behind the left window and a white box behind the right window. Below the 
windows was a cloth net into which the animals fell after responses to locked cards. 
With the exception of the goal-boxes, the entire apparatus was painted mid-gray. 

Two black-and-white striped stimulus-cards were employed. One of the cards was 
horizontally and the other vertically striped. The width of each stripe on each card 
was 0.5 in. 


Preliminary training. Throughout the experiment the animals were maintained on 
a 24-hr. feeding schedule. After adjustment to handling they were fed wet nfüsh for 
equal periods of time in white and black goal-boxes. Then they were trained to jump 
Bradually increasing distances (to a maximum of 9 in.) from the jumping platform 
through the open windows, each jump being rewarded with a nibble of wet mash. 
Frequency of response to the two box-colors and to the two windows was equated 
by shifting the positions of white and black boxes and by the alternation of free with 
manually guided trials, On the free trials most of the animals responded primarily in 


* Accepted for publication August 14, 1953. bi 
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terms of position, and on this basis they were divided into two matched groups— 
Group I with 24 animals and Group II with 22. ' 


Experimental design. In the first stage of the experiment, which lasted 12 days, all 
the animals were given eight nondifferentially reinforced trials per day. On each trial 
one window held a vertically striped and the other a horizontally striped card (the 
lateral arrangement of the two cards being systematically changed from trial to trial), 
and the use of both free and guided trials provided equal experience with each card 
in each position. Every response was rewarded with a nibble of wet mash. For the 
animals of Group I, half the responses to each card in each window carried the 
animal into the white goal-box and the remaining responses led to the black goal- 
box. For the animals of Group II, there was a consistent relation between card and 
goal-box color; for half the animals the white goal-box was always behind the hori- 
zontal stripes and the black box behind the vertical stripes, while for the remaining 
animals the reverse relation obtained. The design of the previous experiment on 
differential afferent consequences involved a third group of animals nondifferentially 
reinforced on gray cards, which made it possible to determine whether there was any 
perceptual development at all as a consequence of nondifferentially reinforced ex- 
perience with the critical stimuli (wide and narrow vertical stripes). In the present 


TABLE I 
PERFORMANCE OF THE VARIOUS SUBGROUPS 
IA IIA Diff. IB IIB Diff. 
Initial errors 10.0 11.8 —1.8 11.6 11.0 o.6 
Total errors 21.3 24.2 —2.9 22.4 20.0 2.4 
Days to criterion 5. 6.1 —0.7 6.2 5.0 1,2 


experiment no such group was necessary since it has already been demonstrated that 
nondifferentially reinforced experience with horizontal and vertical stripes may 
facilitate subsequent discrimination between them? 

From the preferences for cards and positions displayed by the animals on free trials 
during the first stage of the experiment, several subgroups were selected. Groups 
JA and IIA were made up of 16 matched pairs of animals from Group 1 and Group 
II which showed consistent positional preferences but no card-preferences. Groups 
IB and IIB (which contained, respectively, five and six animals) were made up of 
those animals from the parent groups which showed card preferences (in most cases 
for the horizontal stipes). During the second stage of the experiment all groups 
were trained on the horizontal-vertical discrimination. Half the animals in Groups JA 
and were trained to jump to vertical and the remaining animals were trained to 
jump to horizontal, All animals in Groups IB and IIB were trained against the card- 
preferences previously displayed. During this training, one of the goal-boxes was 
consistently paired with the positive card. For the animals of Groups IA and IB the 
Boal-box was that which had been consistently paired with the now positive catd 
during the first stage of the experiment; for each animal in Group IIA the box was 
that used for the paired animal of Group IA; for the animals of Groups IB and 


*Bitterman, A. D. Calvin, and C. B. Elam, P ifferentiation in th 
f - n «B. , Perceptual differentiation in the 
cou of nondifferential reinforcement, J. Compar. & Physiol. DN 46, 1955, 
7329-397; Bittermaa and Elam, Discrimination ollowing varying amounts of non- 
differential reinforcement, this JOURNAL, 67, 1954, 133-137. 
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IIB the box was chosen randomly. All animals were given eight trials per day by. 
the method of correction. Each trial consisted of a series of one or more responses 
to a given pair of cards which terminated with a correct response; a maximum of 
three errors was permitted on each trial, following which the animal was guided in 
the correct direction. The criterion of learning was two successive errorless days. 


Results. The principal results of the experiment are summarized in Table I. Dif- 
ferences between Groups IA and IIA (tested by Wilcoxon's nonparametric method 
for paired replicates") proved to be statistically unreliable, as did the differences 
between -Groups IB and IIB (tested by Festinger’s nonparametric method‘), The 
consistentelinkage of the difference in goal-box color with the horizontal-vertical 
difference apparently did not facilitate discrimination in the animals of Group I. 


* Conclusion, The hypothesis which this experiment was designed to test may be 
rejected. 


‘Frank Wilcoxon, Some Rapid Approximate Statistical Procedures, American 
Cyanamid Co., Stamford, Conn., 1949, 1-16, 

*Leon Festinger, The significance of a difference between means without refer- 
ence to the frequency distribution function, Psychometrika, 11, 1946, 97-105. 
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REVERSED DISCRIMINATION AS A FUNCTION OF THE 
NUMBER OF REINFORCEMENTS DURING 
PRE-TRAINING 


By J. M. WARREN, University of Oregon 


Given a pair of stimulus-objects, A and B, continuity theory predicts that the 
number of errors made in learning to select B will be proportional to the number 
of times A has been reinforced in antecedent pre-training. Results in conformity 
with this hypothesis have been obtained in several experiments with rats and 
chimpanzees.” i 

Although Harlow found that monkeys can learn to solve reversed discrimina- 
tions in a single trial after 7 to 11 pre-reversal trials there are no data regarding 
the relation between the number of reinforcements given during pre-training and 
the number of errors made after reversal. The purpose of the present investigation 
was to determine the number of errors made by monkyes in learning B (positive) 
versus A (negative) after varying amounts of reinforcement on A (positive) versus 
B (negative). 


Subjects. Three young, experimentally naive Rhesus monkeys served as Ss in this 
study. 


Apparatus, The Wisconsin General Test-Apparatus and the specific testing pro- 
cedures associated with the use of this apparatus, which are described elsewhere," 
were used in this study. The stimulus-objects (108 pairs), varying in multiple 


visual dimensions, were similar to those customarily used at the Wisconsin Primate 
Laboratory. 


Procedure, Using the non-corrective technique, the Ss were tested until they 
attained a criterion of 1, 2, 4, 8, 16 or 32 correct responses to the A-mgmber of 
a pair of stimuli. Immediately after the criterial response, the B-member of the pair 
became the rewarded object, and testing was continued for another 10 trials. Eighteen 
reversed discriminations were tested following each of the six degrees of re- 
inforcement during pre-training; thus, a total of 108 problems was presented to 
each animal; 

Three problems were presented eacli day for 36 days, and amount of reinforce- 


ment during pre-training was counterbalanced by use of latin squares. 2 
kyo 


* Accepted for publication Sepetmber 24, 1953, This research was conducted at 
the USAF School of Aviation Medicine Primate Laboratory, Austin, Texas. 

*K. W. Spence, Analysis of the formation of visual discrimination habits in the 
chimpanzee, J. Comp. Psychol., 23, 1937, 77-100. 

Spence, op. cit, 87; T. L. McCulloch and J. G. Pratt, A study of the pre- 
solution period in weight discrimination by white rats, J. Comp. Psychol., 18, 1934, 
271-290; D. Ehrenfreund, An experimental test of the continuity therory of dis- 
crimination learning with pattern vision, J. Comp. & Physiol. Psychol., 41, 1948, 
408.422; F. P. Gatling, A study of the continuity of the learning process as meas- 
ured by habit reversal in the rat, ibid., 44, 1951, 78-83. t 

* F& F. Harlow, Performance of Catarrhine monkeys on a series of discrimination 
ayersal PUN 43, 1950, 231-239. 
Harlow, The formation of learning sets, Psychol. Rev., 56, 1949, 51-65. 
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Results. The results are, presented in Fig. 1, which shows the percentage of 
correct responses after reversal aS a function of* the number of reinforcements 
during pre-training, with blocks of 36 problems as a parameter. It is apparent that 
performance improved markedly between successive thirds of the experiment. The 
changes in performance are consistent and highly significant, although the F for 
differences among Ss is not significant. The F for the significance of the differences 


9/, Correct Responses After Reversal 


Z z 4 8 16 32 
Reinforcements Before Reversal 


g 


o 
Fic. 1, PERFORMANCE AFTER REVERSAL AS FUNCTION OF THE NUMBER OF 
REINFORCEMENTS BEFORE REVERSAL 


among blocks of problems (thirds) is 120.39 (P < 01 with 2/20 df). These data 
indicate a large amount of jnter-problem transfer—the formation of a learning set. 
The changes in the shape of the functions are more significant theoretically than 
the overall increase in efficiency of performance. On problems 1 to 36, the difference * 
in the percentage of correct responses following 1 and 32 reinforcements during 
pre-training was 21%. The difference was only 5% on problems 73 to 108. Shalyses 
of variance indicate that the variance due to the number of rélnforcements defin, 
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Pre-training was significant only on problems 1 to 36. This variable had no significant 
effect on performance during the last two-thirds of the experiment. 

"Thus, the results of this study corroborate those obtained by Harlow, and fail 
to support the implications of either continuity or non-continuity theory. Spence's 
statements regarding the effect of reinforcement during pre-training on reversed 
discriminative learning, which are presumably meant to apply to Ss at all stages of 
training, are obviously not confirmed by the results of this experiment. As Harlow 
pointed out, non-continuity theory is unable to explain results such as those here 
presented since it has been developed only with respect to reversals before S has 
developed systematic responses to either stimulus-object^ Furthermore, the virtual 
independence of post-reversal performance on the number of reinforcemeats during 
Pre-training, which was attained in the last phase of the experiment, was preceded 
by a period of significant determination by the number of reinforcements. 2 


| Summary. Three naive monkeys were tested on a series of 108 reversed dis- 
criminations. Either 1, 2, 4, 8, 16, or 32 reinforcements of the finally negative 
stimulus-object preceded reversal. Large improvements in the accuracy of per- 
formance occurred from one block of 36 problems to the next throughout the 
experiment, The number of reinforcements during pre-training was a significant 
determinant of performance after reversal only during the first third of the expeti- 
ment. Only 5% more errors were made after 32 reinforcements than after one 
reinforcement during pre-training in the last third of the study. The results fail 
to support either the continuity or non-continuity theories of learning. 


^ Harlow, op. cit, 238. 
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NOTES AND DISCUSSIONS 


* , ON VERIFYING HYPOTHESES BY VERIFYING 
THEIR IMPLICATES 


* Let there be given a class of propositions comprizing H, I, I Is, ++ + In 
in which the material truth of H is undetermined while each of the J-propo- 
sitions has been proved to be materially true. In this situation, each of the 
I-propositions is a material implicate of H. We may assert them all con- 
jointly, so as to yield one compound implicate Ie. We may then truly say that 
if H is true, I, is also true; but we can not assert that because I, is true, H 
is true, for to do so would be to assert the consequent and by the rules 
of logic to get no valid conclusion at all. The truth of H depends on the 
truth of J, (and therefore on the truth of every component of Ie) in so 
far as H can not be true when J, is false; but the material truth of I, is 
independent of the truth of H. 

This fallacy is readily seen when it is expressed in arbitrary symbols ; 
it may or may not escape detection when it is expressed in ordinary words. 
For example: : 

(1) If ‘Old Dog Tray’ was run through a large and powerful sausage-grinder, he 
is dead; he is dead, therefore, he was sausaged. 

(2) If Plato died of typhus fever, he was bitten by at least one insect; he was insect- 
ridden, therefore, he died of typhus fever. 


(3) If a person is intoxicated, he staggers, speaks thickly, and smells of liquor; this 
person staggers, speaks thickly, and smells of liquor, therefore, he is intoxicated. 


(4) If a person has an over-compensated inferiority complex, he blusters, is aggres- 


sive, domineering, and dogmatic; this man blusters, is aggressive, domineering, and 


dogmatic, therefore, he has an inferiority complex. à 


All these specimens of para-reasoning have the same form: they all 
assert the consequents, and the conclusions are invalid even though some 
of them may be true to the facts of perceptual observation. When we 
encounter such an example, do we not often challenge the material truth 
of the conclusion without examining the reasoning processes at all? I dare 
say that we all do. Thus, we might reject the first conclusion as being" 
incredible because we doubt the proverbial recipes for wienerwürst and , 
frankfurters. We might accept or reject the fourth accoflling to our lieig 
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or aversion for the person in question. All these grounds, however, are 
psychological, not logical. We fall into some attitude or set that prevents 
us from using logic. 

It is easy enough to examine the postulates of a two-valued logic, and by 
reasoning, intuition, or feeling convince ourselves that each of its theorems 
is valid; but to discern relations among universals is one thing, to discover 
that a particular instance exemplifies such a relation is quite another. Pro- 
ficiency in both these abilities is necessary to skillful reasonin g— proficiency 
in either without the other is insufficient, Perhaps it may turn out that dif- 
ferent learning procedures or different training procedures are called for 
in order to achieve both proficiencies. ^ 

If the hypothesis H is fertile and simplifying, then one may find it hard 
to doubt its truth, even though only a few of its implicates have been de- 
tected, examined, and found to be materially true, One's feeling of assur- 
ance does not, however, guarantee the material truth of any proposition. 
Even though some mystics, romanticists, and religionists assert that it does, 
all scientists, while working at their trade, must deny that it does. 

We need mention as reminders only a few hypotheses that some noted 
scientists have—so they believe—verified by verifying some of their conse- 
quents without falsifying others, Any hypothesis concerning the initial 
condition and the laws of change in the earth’s structure will suffice; so 
will any fashionable hypothesis concerning biological evolution, stellar 
evolution, expansion of the universe, ‘the’ structure of ‘the’ atom, thinking 
and bodily movement (as set forth by G, H. Lewes, William James, Knight 
Dunlap, and John B. Watson), Every sophisticated scientist knows that 
these hypotheses are fictions; we may entertain them so long as we find 
no falsifiers, but we need not entertain them; and we may discard them 
whenever we find others that are more fertile or more simplifying. So 
went, for example, the phlogiston hypothesis; so went the Ptolemaic hy- 
pothesis concerning planetary motion. Neither hypothesis has yet been 
shown.to imply any falsehoods; but more convenient ones were invented, 
and the older, more cumbrous ones fell into disuse. 

All logicians—even mere clever dabblers in logic—agree that inductive 
reasoning is based on affirming the consequents. Many of them, however, 
hesitate to rate the procedure as invalid. They say of some hypotheses, as the 
Freudian says of his hypothesis of the meaning of dreams, that it ‘works.’ 

oThey overlook the point that if an hypothesis is false, exactly half of its 


implitates will be true. Thus, they manifest certain reaction-patterns that 
^ age at east curious, 
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Somt propose to verify an hypothesis by examing all its implicates and 
verifying each of them by observation. But how many implicates does it 
have? Let us recall that if an hypothesis H is materially false, it implies 
all the propositions there are. Call their number N. If H is true, it ma- 
terially implies all the true propositions there are. Their number is N/2. 
It seems to me to be obvious that N is certainly very large, and that N/2 
is large also. Indeed, for all that we know, N, the total number of proposi- 
tions, expressed or unexpressed, may be infinite. If it is infinite, so also 
ds N/2. Jf it is finite but still very large, then the task of detecting, examin- 
ing, and verifying every implicate of H becomes inconveniently heavy, and 
it may be, infeasible. If N is infinite, the task becomes impossible. 

Some writers have said—I think incautiously—that by discovering any 
previously undetected implicate and verifying it by observation, we increase 
the probability that H is true. This is not so; we merely intensify our 
expectational belief that any implicate we detect and examine hereafter 
will be true also, The intensity of one's expectation or the strength of his 
faith is, however, different from the probability that the event which he is 
contemplating will occur. For example, consider a deal in whist which 
has just been completed. What is the probability that each of the players 
has been dealt the hand that he actually got? It is of the order of 10-7. In 
other words, there are a million billion trillion possible distributions of 
52 cards, 13 each to each of 4 players. Any of these many distributions 
was equally likely to occur; this distribution did occur; the dealer brought 
off a very improbable event. Now, if in this deal, every player had ob- 
tained « perfect hand, the fact would be good for head-line news stories. 
The latter distribution is no more improbable, however, than the one actu- 
ally dealt is, yet the one actually dealt does not astonish us. It would aston- 
ish us if our expectation depended on the probability of the occurrence of 
the event. Indeed if the occurrence of improbable events constitutes a 
miracle, then perhaps every event we participate in is miraculous. 
® What are hypotheses for? For what, indeed, except as impliers to, enable 
us to deduce a set of implicates that are materially true, interconffected, 
and useful. It is only from materially true hypotheses that we can strictly 
deduce materially true implicates. We have, therefore, to verify H in 
order to use it as an implier. If we are to verify it by verifying its implica- 
cates, why not verify the latter and desist? 

Some have proposed that to verify an hypothesis by verifying its im- e 
plicates, one need not examine and verify all, but only as many as*con- 
venient. Following the examples of Roger Bacon, J. S. Mill, and fevons, f 
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one now executes what some have called an ‘inductive leap’ and assumes 
that all the undetected, unexamined, and unverified implicates are true, 
This begs the question, as does every other extrapolation. 

A Missouri farmer, called affectionately by his neighbors ‘Uncle Heeb,’ 
once gave two lucid examples: 

(1) When the first day of March rolled around each year, he pronounced that 
he was safe until the end of December because he had noticed that whenever he 


had lived until the first of March he had lived through to the end of the year. The 
facts agreed with his prediction for 85 years, but failed in his 86th year. 


(2) Uncle Heeb became bored with reading about the preparations fom thé Byrd 
expedition to the South Pole, especially by the precautions taken against the cold, 
They were, in his opinion, the silliest lot of men he had ever heard of. He himself 
had received little formal schooling because he was orphaned during the siege 
of Vicksburg; but he had tried to make good use of what he had by noticing what 
went on about him. As a buyer of cattle, he had traveled as far north as central 
Saskatchewan Province, Canada, and as far south as Old Mexico. The farther north 
he went, the colder it got; the farther south he went, the hotter it got. Everybody 
knows that the North pole is the coldest spot on earth; the South Pole must, there- 
fore, be the hottest. 

_ It is easy to question this reasoning, for the special circumstances tend 
to alert the reader or hearer, and to cause him to suspect, in the second 
instance at least, that some premise the truth of which may be questioned 
has been suppressed. In principle, however, the reasoning is exactly like 
that which is followed in the detection of business-trends, the estimation of 
the population of a given country half a century hence, etc. My better 
undergraduate students recognized this analogy, and a few of them renamed 
extrapolation and the inductive leap “Uncle Hecb-ing." 

In brief, then, so called inductive reasoning is essentially affirming the 
consequents. In practical situations it is not at all rare, and in some in- 
stances it has been appallingly expensive. For example: Strong obtained 
from many successful engineers a set of answers whether they liked, dis- 
liked, or were indifferent to certain activities or vocations, These engineers 
agreed, so it is said, in choosing similar patterns of interests. It was urged 
therefore, that from applicants for admission to engineering colleges, those 
who Were accepted should manifest these interests. 

Again, some authors have asserted truly that if 7 accidents should befall 
N operators without regard to the personal identity of any of them (and 
therefore without regard to any of their personal characteristics), then the 
distribution of accidents per operator will follow Poisson's law. But it 

à does not follow therefrom that if the distribution is Poissonian, then every 
operator is as liable to accident as every other, although some recently have 
tendesed this conclusion, based on affirming the consequent. Moreover, 


+ . 3, distribution-is Poissonian, its mean and the variance therefrom will 


= 


2 


9 


NOTES AND DISCUSSIONS 727 


be equal. These same investigators presented some distributions, which 
they did not describe in detail, in which the variance equalled the mean. 
From this they concluded that the distribution was Poissonian without 
testing it for closeness of fit; and therefore, that in the sample population 
there were no personal traits affecting one’s liability to accident. 

Again, in psychoanalysis, when the patient exhibits certain patterns of 
anxiety and related symptoms, it is usual to say that if, in his early child- 
hood, he had certain typical traumatic experiences, then he would now 
havesthese symptoms; he has the symptoms; therefore, he had the early 
traumatic experiences. If the patient does not recall such experiences, then 
the psychoanalyst says that he is resisting the therapy, and puts him through 
something like a third-degree examination until he confesses or quits. 

In summary: to argue to the truth of an hypothesis by affirming the 
consequents is always à fallacy no matter how many consequents are 
affirmed. We are at liberty to entertain such hypotheses as have not been 
falsified by the observed failure of their consequents, but we may discard 
them whenever we find others that are more fertile or more simplifying. In- 
ductive reasoning does not establish the truth of its hypotheses. Even if the 
hypothesis is false, half of its implicates will be true. But to say this is 
not to deny the value of hypotheses. They reveal interconnections between 
events, and through these interconnections, they suggest experimental pro- 
cedures by means of which implicates can be verified or disverified. The 
verification or disverification of the implicates is important and useful 
its own account, for by it, we discover something about the world in which 
we live, but the verification of the implicates does not establish the truth 
of the hypothesis. 

Harry M. JOHNSON 


RED LIGHT AND THE FUNCTION OF THE RODS 


* The careful study by Griffin, Hubbard, and Wald of human visual re- 
sponses to long-wave stimulation makes it abundantly clear that foval and 
peripheral thresholds for light beyond about 650 my. are effectively identi- 
cal. The idea nevertheless persists that rods are insensitive to the extreme 
ted end of the spectrum. After Dr. Herschel Leibowitz called this situation 
to my attention in a personal communication, I undertook to trace the 


erroneous notion to its roots. - 
ME 


. * D. R. Griffin, R. Hubbard, and G, Wald, The sensitivity of the humaff eye to 
infra-red radiation. J. Opt. Soc. Amer., 37, 1947, 546-554. ar Mew e 
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There ate two principal empirical findings to note. First, extrefne red 
light is the best of all possible pre-adapting stimuli for dark-adaptation. Be- 
cause dark-adaptation proceeds so rapidly even after prolonged stimulation 
by red light bright enough to read by, it is easy to understand why visual 
workers have tended to conclude that the rods are not affected or not much 
affected by red light. Actually, red light merely produces less light-adapta- 
tion than other wave-lengths do; but it affects the rods as much as it does“ 
the cones. The effect is merely a relative one. 

Secondly, if dark-adaptation is traced with a pure long-wave |iglit, its 
course is fairly rapid and the final threshold much higher than for short- 
wave or for white light. Even when extra-foveal regions are involved, the 
complete adaptation-curve looks strikingly like one in which stimulation has 
been confined to the fovea. Again, the assumption that only cones are 
stimulated by such light appears pardonable. Instead, the truth seems to be 
merely that lights of different wave-lengths produce different degrees of 
adaptation and that in the function of adaptation (as in luminosity and 
threshold functions) red light affects all parts of the retina approximately 
alike while other monochromatic lights affect periphery and fovea differ- 
entially. 

This situation is certainly not made clear in current secondary sources. 
For example, Morgan and Stellar write: 


Bu the stimulus is in the extreme red region which is covered only by the photopic 
visibality curve, only the cone portion of the curve appears.” 


Geldard, in his recent work, puts it as follows: 


With extreme red light, to which the rods are quite insensitive, only the cone 
portion appears.’ 


Osgood does not plump quite so clearly for an inactivity of the rods, but 
nevertheless states: 


DIR with extreme monochromatic red light yields a pure cone adaptation 

à 
Woodworth and Schlosberg come closer to a satisfactory presentation but 
still tun the risk of leaving the reader with the old erroneous view. They 
write (referring to a figure of Judd’s that presents threshold data correctly) : 


Reference to Figure 13.3 will show that red light i ive sti 
: E is a reasonably effective stimulus 
for cones. If a man wears special red goggles ‘that transmit Edi this band, he can 


» 
CT. Morgan, and E. Stellar, Physiologi d 
REUS e this and succeeding pene ciui d Rs. DON 
> Ae . Geldard, The Human Senses, 1953, 36. 
& E. Osgood, "Method and Theory in Experimental Psychology, 1953, 160. 
> 
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read with his cones, while the rods are relatively unstimulated by the room light 
and are adapting. 

‘Relatively’ should mean relative to their own maximal sensitivity; but 
it is fair to guess that many readers will come away with the impression 
that it means relative to the cones, an unfounded view. Bartley is better, 


where the portions of the two curves eliminated by the red filter are shown by the 
eunshaded areas. It will be seen that a greater portion of the scotopic curve (red) is 
eliminated than is taken from the photopic curve (cone). The red filter passes 
1/100 of the effective flux for the rods and 1/10 for the cones. This is a 10 to 1 
difference, and it means that by wearing the red filter goggles, the individual 
reduces the effective flux of light to the rods more than to the cones.” i 

My only quarrel with this otherwise admirable exposition is that it 
should perhaps have concluded with “the individual reduces the effective 
flux relative to maximal rod response more than to maximal cone re- 
sponse,” A casual or hasty reader may still take Bartley's summarizing 
sentence to mean that the red light has (absolutely) less stimulating 
effectiveness for rods than for cones. 

The only author I have found whose comments are perfectly explicit on 
this matter is Chapanis who (in writing of the fact that readers often do 
not notice that luminosity curves are typically drawn relative to their own 
maxima) phrases it this way: 

This misunderstanding leads to the frequent mis-statement that the rods are not 
as sensitive to red as the cones. Several lines of evidence, in particular recent ex- 


periments by Chapanis and by Wald, show conclusively that the rods are, in fact, 
just as sensitive to red as are the cones." 


Where did the "frequent mis-statement,” persistent as it is, come from 
in the first place? That is more difficult to discover. Certainly Hecht is 
partially responsible. In his well-known 1934 article he discussed the pure- 
Cone adaptation-function of night-blind patients, and then continued: 


e 

A similar situation exists in the measurements made by me (1921 and 1922) and 
by Kohlrausch (1922 and 1931) when adaptation is measured with extreme 
monochromatic red light to which at threshold the rods are practically insensitive? 


QR S. Woodworth and Harold Schlosberg, Experimental Psychology, 1954, 370. 
S. H. Bartley, The psychophysiology of vision, in S. S. Stevens, Handbook of 
Experimental Psychology, 1951, 948. a 
_ ` Alphonse Chapanis, How we see, in National Research Council Human [factors 
in Undersea Warfare, 1949, 12-13. 

? Selig Hecht, Vision: Il. The nature of the photoreceptor process,” in C. e 
Murchison, Handbook of General Experimental PSOE 1934, 727. et? 
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Note the similarity of phrasing between this and some of the later actounts 
quoted above. In the original report of the 1921-1922 work to which Hecht 
refers, he had put it this way: 


On the side facing the observer is a Wratten filter No. 70. This limits the 
Ped to the rays beyond 650 pp, and thus d d participation of tbe cones 
. Kohlrausch, whose work is quoted with approval by Hecht and by 
Chapanis in different connections, plays a curious róle. As Chapanis points 
out in the chapter already quoted, Kohlrausch recognized that the important 
fact for adaptation was the relative effectiveness of the light in question for 
rods and cones. On the other hand, in one publication he puts the effectives 
ness for rods of light beyond 680 my, at zero.!? This he deduces from the fact 
that the photochromatic interval is zero, a fact entirely in agreement with 
modern findings! 

In sum, the persistent notion that red light from the extreme long-wave 
end of the spectrum is effective for cones but not for rods seems to have had 
its origin in a psychological assumption about the duplex nature of the 
tetina, That assumption ran about as follows: monochromatic red light 
from the extreme end of the spectrum produces the same experience in 
fovea and periphery; other lights show differential effects, either in chro- 
matic threshold, apparent hue, or both; since the dual effects are attributed 
to stimulation of two types of receptor, single effects must mean only one 
receptor is affected. Now the conclusion is of course a non-sequitur. It 
appears, nevertheless, to have provided a basis for more than thirty years 
of error. 


Swarthmore College W. C.H. PRENTICE 


SIXTY-SECOND ANNUAL MEETING OF THE 
AMERICAN PSYCHOLOGICAL ASSOCIATION 


The Sixty-second Annual Meeting of the American Psychological As- 
sociation was held in New York City at the Hotels Statler and New Yorker, 
September 2-7, 1954. In attendance were approximately 6,000 psychologists 
and a few friends. Each of the 17 divisions of the Association staged its 


program, resulting in the presentation of a total of 445 research papets and 


‘uae ne nature of foveal dark adaptation, J. Gen. Physiol, 4, 1921-22, 
3 A. Kohlrausch, Tagesehen, Di Hey 
a , Tagesehen, Dimmersehen, Adaptati A. Bethe (ed.), 
ES EON der o und pathologischen Pbysioi ogie, 2, 1931, SES pP- 
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86 sympesia, Though in both attendance and complexity the meetings were 
unique, they were, through the good and vigorous efforts of the Local 
Arrangements Committee, remarkably well organized. 

Dr. O. Hobart Mowrer's presidential address, entitled “The psychologist 
looks at language," presented a theoretical analysis of linguistic behavior 
in terms of conditioned response psychology. 

In its business meeting, the APA crystallized a number of actions that 
will affect psychology as science and as profession. Many will regard as the 
most significant action of 1954 the creation of the Scientific Development 
Board—a Board instructed to define and forward activities by which the 
resources of the Association can functionally be turned to the advancement 
of psychology as science. Another significant action was the formation of 
the separately incorporated American Board of Psychological Services, an 
organization whose function will be to publish a directory giving to the 
general public a list of agencies and individuals properly qualified to render 
personal psychological services. 

During the meetings it was announced that Theodore M. Newcomb had 
been elected President-elect, that Ann Magaret Garner and D. O. Hebb 
had been elected to the Board of Directors, and that M. Brewster Smith 
would be the new Editor of the Journal of Abnormal and Social Psychology, 
with his term beginning January, 1955. 

In 1955, the Annual Meetings will be in San Francisco, in 1956, in 
Chicago, and in 1957, probably in Miami Beach. 


Washington, D.C. FILLMORE H. SANFORD 
? 9 
e 
LJ 
LJ 
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Walter Samuel Hunter: 1889-1954 


- Walter S. Hunter, one of the world's most productive leaders in biologi- 
cally based scientific psychology, died suddenly on August 5, 1954, in 
Providence, Rhode Island. His branch of the Hunter family came to this 
continent from Scotland via the north of Ireland in the eighteenth century. 
His immediate forebears moved to the Ohio country soon after the Revolu- 
tion. He was born on March 22, 1889, in Decatur, Illinois. He received his 
bachelor’s degree from the University of Texas in 1910. His first plan had 
been to study electrical engineering, but he became interested in psychology 
and, while still an undergraduate and due to the influence of C. S. Yoakum, 
he conducted an experimental study in animal behavior. This investigation 
was later published as “Some labyrinth habits of the domestic pigeon.”* 

His graduate work was done at the University of Chicago where he was 
influenced especially by Harvey Carr and James Roland Angell. His doctor's 
dissertation, "Delayed reaction in animals and children" is regarded as a 
classic in its field.? 

He taught first at Texas and then at twenty-seven years of age became 
head of the Department of Psychology at the University of Kansas. In 
1925 he became G. Stanley Hall Professor of Genetic Psychology at Clark 
University. In 1936 he became head of the Department and director of the 


Psychological Laboratory at Brown University. He was active in many | 


general University affairs at Brown. This spring on his sixty-fifth birthday 
he resigned the chairmanship of the Brown Department, but he had looked 
forward to at least five more years as an active investigator and teacher 
before retirement. After the death of his first wife, Katharine Pratt, in 
1915, he married, in 1917, Alda Barber, herself a student of comparative 
psychology. Mrs. Hunter and two daughters survive him. : 

; unter's greatness as a pioneer and as a leader of his generation in the 
scientific study of behavior lay in his ability to see the mammal and man 
as total behaving systems existing in both physical and social environments. 
He was a psychologist with an interest in the nervous system and the 
receptor processes but this did not make him forget that the explanation of 
human behavior is the main aim of scientific psychology. His keen mathe- 


= 
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T 1 Op. cit., J. Apim. Behav., 1, 1911, 278-304. 
?1 0p, cita Le Monog., 2, 1913, (no. 9» 1-86. 
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matical mind led him to quantify in new ways relationships that had previ- 
ously been dealt with in a qualitative and descriptive manner. This tendency 
is to be seen in his work with the delayed reaction and in his study of the 
reliability of the maze and other learning problems. His interpretation of 
the phenomenon of retinal streaming in relation to the after-effect of visual 
movement and his interest in the span of visual discrimination in relation to 
the Bunsen-Roscoe law and many other studies attest the effectiveness of 
this attitude. His broad approach to behavior is demonstrated in his early 
study óf American Indians of mixed ancestry in a consideration of the 
relationship between genetic background and intelligence. T 

‘He served his professional colleagues in many ways. He was at various 
times concerned in editing the Journal of Animal Behavior, the Psycho- 
logical Bulletin, Behavior Monographs, and Comparative Psychology Mono- 
graphs. For the past fourteen years he was an associate editor of this 
JourNAL. He contributed four chapters to books published by the Clark 
University Press. His basic textbooks, General Psychology which went 
through two editions, the second of which was translated into Chinese;? 
and Human Behavior,* were clearly and concisely written. They had an 
important influence upon many mature psychologists as well as beginning 
students. He won wide recognition for a series of theoretical papers in 
which he advocated the use of the word anthroponomy as an objective name 
for the field commonly called scientific psychology. In connection with this 
proposal he has said, “I was never under any delusion that the designation 
of the science would be changed to anthroponomy, but the paths of our 
science would have been much smoother in its public relations had some 
nonpsychic term designated it.”5 

In 1925, he became the editor of the Psychological Index, and from its 
beginning in 1927 until 1946 he was the editor and indeed the creator of 
that great periodical tool of all his professional colleagues, The Psycho- 
logical Abstracts. In connection with this work he came to have a wide 
acquaintance among European and other non-American psychologistse 

He served as chairman of the Division of Anthropology and Psychology 
of the National Research Council from 1936 to 1938. In the First World 
War, as a commissioned officer, he was chief psychological examiner at 
Camps Lee, Sheridan, and Devens. Characteristically, some of the work that 


he did at this time was fundamental in the later acceptance of the whole ` 


* Op. cit, Ist ed., 1919, 1-351; 2nd ed., 1923, 1-368.; Chinese translation of 
second edition in 1926. 
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‘Op. cit, 1928, 1-355. Completely revised edition of his General Psychology, EE 


with change of title. f 
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idea of psychological examining by American military authorities. » 

During the Second World War he served as a member of the Emergency 
Committee in Psychology and later as chief of the Applied Psychology 
Panel of the National Defense Research Committee. For this work he was 
given the President’s Medal of Merit. Because of his broad psychological 
` knowledge and his ability to make sound human judgments he was called 
upon to serve as a consultant and as an adviser to many special committees 
associated with philanthropic foundations and with national and inter- 
national scientific associations as well as with various branches vf the 
Federal Government. He was president of the American Psychological 
Association (1931), the Eastern Psychological Association (1940-41) and 
a member of and active in the management of both the National Academy 
of Sciences (1935 et seq.) and the American Philosophical Society (1941 
et seq.). One of his avocations was painting and some of his canvases ate 
most pleasing. 

Walter Hunter had a deep and enduring interest in the basic problems of 
human nature. His colleagues always knew him as a friendly fellow human 
being. He had that rare ability given to few psychologists of using his own 
understanding of animal and physiological psychology in the solution of 
the living problems of everyday human life. He was scientifically learned 
and humanly wise, 

The Smithsonian Institution LEONARD CARMICHAEL 
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BOOK REVIEWS 
Edited by M. E. BITTERMAN, University of California 


Physiological Acoustics. By ERNEST GLEN WEVER and MERLE LAWRENCE. 
Princeton University Press, 1954. Pp. xii, 454. 

Wever has been most successful in auditory research for over twenty-five years, 
and the* appearance of this comprehensive volume will be welcomed by every worker 
in the field. The authors define "physiological acoustics" as concerned with those 
parts of auditory perception in which the function of the ear is chiefly acoustical, 
and they thereby exclude all neurological and electrophysiological considerations. 
The restriction thus imposed is essentially adhered to, except in certain portions of 
Chapters 14 and 18. Subjective aspects of hearing are not systematically treated, 
but necessary psychological data are included in the chapters on sensitivity, distor- 
tion, and auditory theory. Concentrating their effort on the peripheral part of 
auditory function, the authors are able to give a thorough account of a field in 
which the contributions of Wever and his collaborators have been most prominent. 
l The book also contains some pertinent experiments which are as yet unpublished, 
a fact which raises its value above that of a merely compilatory study. 

The introductory part of the book begins with a brief historical outline and a 
survey of anatomical facts. An elementary account of basic acoustics, including 
measurement of sound-intensity, units, and reference levels, follows. The next 
chapter describes experimental methods used in physiological studies of the 
peripheral ear. It deals predominantly with procedures employed in the authors’ 
laboratories. Although the account covers only sinusoidal stimuli and omits special 
recording methods as used by Békésy, Tasaki, and others, it contains many details 
that will be useful to the specialist. The final section of the introductory part deals 
with experimental methods for determining threshold sensitivity, conditions affecting 
these measurements, and the determination of the mechanical impedance of the 
ear, Returning to the problem of threhsold, the authors conclude that thermal 
motion of air molecules should not limit auditory sensitivity, but that physiological 
conditions, such as muscular contractions, vascular noise, metabolic processes, and 
the like, may be important limiting factors. 

The second part of the book deals in detail with the action of the middle-ear 
apparatus as a mechanical transformer required to minimize loss of energy fh the 
transition from aerial to liquid vibrations. As a result of a combination of original 
studies with those of others, it is concluded that the ratio between the areas of 
drum membrane and stapes footplate, as well as ossicular lever-ratio, are im- 
portant for the effect of the middle-ear transformer. The impedance transformation 
is estimated for the ear of cat and man. 

The third part of the book, dealing with nature and locus of distortion, is a 
summary ahd extension of the important original work that Wever and his collab- € 
orators have done in the field. Frequency and phase distorition are discussed, and 
their measurement by microphonic methods are described in detail. An account of of 
the indirect determination of distortion caused by the stapedial function is giv. + =€ 
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Quantitative aspects of amplitude-distortion, including measurements of Hatm 
and combination tones, are carefully explained. A summary of the expe 
demonstrates that amplitude-distortion occurs mainly in the inner ear. Fu 
analysis shows that microphonic distortion is probably connected with 

mechanical processes and not with the more peripheral events of sound con 
"through stapes footplate and inner-ear fluids, Finally, an analysis of cochlear 
ference (partial suppression of the microphonic response by simultaneous 
tion of a second stimulus) and other results leads the authors to the conclusion tl 
“harmonic distortion and cochlear interference occur earlier in the process of he 
than does overloading. a 

The chapters which comprise the fourth part of the volume deai with | 
function of the middle-ear muscles and the functional effects of a change of 
pressure in the external and middle ear. l 

The fifth part of the book, entitled “Sound Conduction in the Cochlea,” contai 
more than its title indicates, dealing with the following four problems: (1) th 
pathways of entry of sound to the cochlea; (2) the manner of sound transmis 
within the cochlea; (3) the spatial distribution of cochlear activity; and (4) 
nature of the local stimulating process. In the section on pathways to the cochl 
air-conduction is first treated. Then sound-transmission through the round windo 
problem of long-standing interest for the otologist, is discussed, and found to 
of negligible importance in the normal ear. The lucid treatment of bone-condu 
will be of great interest because it stresses the importance of a correct fo 
lation of this difficult problem. On the basis of experimental evidence obtained 
the authors and others, it is concluded that in bone-conduction the translatory mod 
of vibration is of greatest importance. This means that, due to inertial lag, a vib 
tion of the cochlear capsule results in a motion of the cochlear contents 
similar to the effect of air-conducted sound. It can also be shown that a stimulu 
involves the same sensory cells, no matter if it is applied by air or bone conducti 
A study of the functional effects of blocking of the oval or round windows clo 
the chapter on sound-conduction through the cochlea. These last two próblems 
important for clinical application. ; 

The question of sound-conduction within the cochlea leads into the problem: 
field of auditory theory. A brief discussion of the place principle, which expl 
pitch-discrimination on the basis of stimulation of specific loci along the 
membrane, Prepares the reader for the discussion of hearing theories. Reson 
theories essentially depend on mechanical properties of specific areas along 
basilag membrane Which are supposed to be stimulated as individual resom 
E. difficulty of resonance theories is that a resonator can either be sh 

d or strongly damped, but not both. Since elementary observation show! 
considerable damping in the function of our ear, localization on the basis of 
onance alone would have to be very inaccurate. Resonance theories do not req 
specific assumptions concerning the speed of wave-propagation. A certain 
of specificity is also obtainable by assuming that the wave set up in the inner 
c propagated along the basilar structures with an amplitude reaching its maxi 
i different areas according to frequency. This assumption can be justified on 

asis of hydrodynamical Principles, considering the elastic properties of the wall 
the vibratory fluid. These “traveling-wave theories” do not depend on the resona 
principle. The more recent theories of this type (and of the standing-wave type) 
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discussed with great skill, their original mathematical form being omitted for the 
convenience of the reader. In a general evaluation of all these theories, the authors 
try to point out assumptions common to all of them and show that slow-wave propaga- 
tion is an essential feature, There exists a close relation between conductive 
speed and lowest discriminable pitch which is tabulated for the more important 
traveling-wave theories. In a critical discussion, the authors produce experimental. 
evidence, based on cochlear microphonics, that an estimate of the speed of conduc- 
tion fails to agree with the slow propagation of sound within the cochlea as 
postulated by these theories. Experimental results, seemingly supporting traveling- 
wave theories, as obtained by Békésy, Tasaki, and others, are discussed but not 
considéredeto be decisive. 

The first part of the section on cochlear patterns and the stimulating process 
contains some details concerning the shape and extent of stimulation demonstrable 
along the basilar structures. Based on combined evidence from histology following 
stimulation-deafness and microphonic response, including its essentially linear 
intensity function, the conclusion is reached that every tone applied spreads its 
effect throughout the cochlea although the patterns differ for different tones, being 
more compact for higher frequencies. Details of the mechanical effect exerted on the 
hair cells by sound are still hypothetical. Various hypotheses concerning this problem 
are discussed, They include several attempts to introduce mechanisms which would 
tend to render the area stimulated by pure tones more circumscribed, 

The chapter concludes with a discussion of the origin of cochlear potentials and 
the excitation of the auditory nerve. These two sections fall, strictly speaking, 
outside the plan of the book since they contain electro-physiological material. The 
reader will, however, welcome their inclusion since they contain a brief account 
of Békésy's work on the DC potential within the inner ear. Concerning the initia- 
tion of nerve-stimulation, the authors defend the standpoint that cochlear potentials 
directly cause neural activity. The action of a chemical mediator is'discussed, but 
experimental evidence in favor of this hypothesis is considered insufficient. 

The sixth part of the book constitutes a clinical interlude. The authors have been 
closely connected with Dr. Lempert and his institute for several years, receiving 
stimulation for the study of problems in auditory pathology in general, and the 
problem of otosclerosis in particular. Several important papers on these subjects have 
been published by Wever and his collaborators, and it appears natural that this 
volume, which is dedicated to Dr. Lempert, should contain a section dealing with 
clinical material. There is first a chapter on conductive deafness discussing differen- 
tial diagnosis, tuning-fork tests, and types of hearing-impairment following patho- 
logical or experimental interference with various parts of the sound-transtllitting 
mechanism. Another chapter deals with various aspects of otosclerosis, a progres- 
sive type of deafness caused by increasing fixation of the stapes due to bony growth. 
‘After a discussion of the pathology of the disease, the fenestration operation (creat- 
ing a new opening in the labyrinth) is described and its success in improving 
hearing demonstrated. The rest of the chapter is devoted to vatious aspects of the 
physiology of the otosclerotic and of the fenestrated ear. It is pointed out that due 
to loss of the transformer-action of the middle ear, the fenestrated ear cannot have 
normal hearing. A loss of 25 to 30 db. (which, however, does not constitute a 
serious handicap) is to be expected. 


In the final part of the book, there is a return to physiological consideratiofis. 
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The first section treats the problem of acoustical impedance of middle and ‘inner ear 
as a function of frequency. These results depend upon rather difficult and indirect 
evidence obtained by a number of authors. The mechanical properties of the middle- 
ear apparatus are further analyzed in the subsequent section. It is pointed out that 
the various mathematical models described so far do not permit satisfactory predic- 
»tions about the actual behavior of the middle ear since important empirical data 
are still missing. The authors then proceed to their own analysis of the sound-con- 
ducting apparatus, including the stapes. Using response-characteristics obtained by 
microphonic intensity and phase measurements, they construct an electrical circuit 
and its mechanical equivalent which will display the same resonance characteristics 
as the middle ear of the cat. Since numerical values cannot be assigned so that predic- 
tions of mechanical behavior can only be qualitative. 

The final section returns to the problem of auditory theory, the subject of 
Weaver's last major work. There is a restatement of the difficulties which any ex- 
planation of pitch-discrimination based on a principle of narrow localization has to 
overcome: all experimental evidence points to a rather diffuse representation of 
pitch along the basilar membrane, whereas pitch-discrimination is remarkably sharp. 
“Sharpening up” processes as advocated by several authors are briefly discussed. It 
is pointed out that frequency-localization at higher neural levels, as determined by 
electro-physiological methods, also lacks the precision of our subjective auditory 
experience. As in Wever's former book, the “frequency principle,” according to 
which neural impulses are synchronized to the stimulating frequency, is introduced. 
It is maintained that together the place principle (for the highest tones) and the 
frequency principle (for low tones) or a combination of the two (for the inter- 
mediate range) can account satisfactorily for the wealth of our auditory experience. 

The book contains several valuable appendices, including a comparison of refer- 
ence-levels for sound intensity, a comprehensive list of measurements of auditory 
structures, and a decibel table with instructions for its use. The index and list of 
references are very comprehensive. The illustrative material and diagrams are ex- 
cellent. Very few typographical errors were encountered. In line 23 of *page 242 
"round window" should be replaced by "oval window." In the caption of Figures 
106 and 107, the reference should read “Wever and Lawrence (8)" instead of 
“Wever and Lawrence (9). 

If the book is to be characterized by a few words, it would seem to be a con- 
densation of work and thought of one of the most prominent scientists in the field 
of audition and of his school. It will be profitably consulted and studied by all 
People actively engaged in auditory research, including some otologists. It is also 
an iptellectual treat: a systematic presentation of carefully obtained experimental 
evidence, followed by penetrating and unrelenting analysis, sometimes reminiscent 
of the procedures of a competent defense lawyer, amply reward the careful reader. 

The work does not compete with handbook articles. It presents in many aspects 
the opinion of Dr. Wever and his School, a reminder of the vastness and im- 
portance of their past work, which is also expressed by the material covered in 
the index. There one finds 45 references to Békésy, 6 to Davis, 45 to Lawrence, and 
77 to Wever. The mature reader will undoubtedly find many statements challenging 
and,possibly be stimulated to do further work in the field. 

The Part of the book concerned with clinical applications, presumably written 
with Otological assistance, may merit some minor comments for consideration in 
° 
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a later edition. In the section on differential diagnosis of types of deafness it is 

stated that scarlet fever produces damage mainly to cochlear and neural structures. 

This may not be a generally valid contention. The statement that a person with 
sensory or neural deafness is commonly unable to use a hearing aid to advantage 
appears too strong and untenable in view of general audiological experience. The 

same chapter does not mention the phenomenon of recruitment, which is one of the = 
more important tools in differential diagnosis. On page 354 we read: “It is evident 

that the hearing in such cases might be improved if something could be done to 
increase further the difference in stimulus of the two windows.” Here, experimental 

and clinical studies of the artificial drum ought to be included. 

The position on hearing theory coincides with the one taken in Wever's previous 
book. The authors appear very successful in pointing out deficiencies of place 
theories. To account for the precision of our pitch experience, additional neural 
help seems to be inevitable. The combination of place and frequency principles 
introduces an element of dualism which will probably be offensive to many, but it 
seems to be one of the lessons of modern science that theories should not be 
judged on the basis of esthetic principles. Actually, recent experimental evidence 
not treated in the book indicates that the perception of pitch depends on the com- 
bined action of the peripheral and central auditory mechanisms. Whether the latter 
can be accounted for by the simple assumption of synchronization of nervous 
impulses, remains a problem for future tesearch. It is the opinion of the reviewer 
that the final answer will be more complicated. 

University of Rochester Kart Lowy 


Principles of Industrial Psychology. By THOMAS A. RYAN and PATRICIA C. 
Smrru. New York, Ronald Press, 1954. Pp. xiv, 553. 

Industrial psychology has attained stature and breadth since Hugo Munsterberg 
pioneered the field forty years ago. It has yet to attain a coherent, interlocking set 
of principles that govern the topics encompassed within the term. A purist, there- 
fore, might quarrel with the title of this book and insist that between the covers 
we can only find some currently useful but unconnected generalizations about the 
psychological problems of industry. The field lacks some unifying psychological 
concepts that bring together selection, training, and problems of production. 
Economically, the industrial enterprise is unifed by concepts centered on maxi- 
mized profit. Psychologically we need some industrial principles whose hub is the 
individual, his growth, his value to himself and to his working group. To those 
in the field such a criticism is old hat, yet we need to be reminded from time to 
time of these limitations, even if the time is not ripe, or our insights ate too 
blurred to achieve synthesis. 

This book should be proof, if any is needed, that psychologists have made im- 
portant and telling contributions to industrial operations. Nevertheless psycholo- 
gists are more often than not still regarded by many business executives as too 
academic and unrealistic. The psychologists on their part have been appalled by 
the busigess man’s scientific naivete in matters of human behavior. Ryan’s and 
Smith’s book will in all probability reinforce the business man's bias (if he reads 
it). On the other hand, it should provide the undergraduate, who may later hecome 
a business executive, with an appreciation of the scientific approach to some humane 
problems of industry. E y 


g = 
LJ 


ss A very commendable feature of Part I is the use of a particular case as a Con- 
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' dependable data are sparse, should not at least one chapter be devoted to 


: employees. Administrative operations of selection and placement programs in li 
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the activities of an industrial psychologist, the remaining 18 chapters are 
into two sections—one on Selection and Placement and the other on Fa 
Efficiency. Ryan and Smith see the industrial psychologist as essentially a 
individual gathering facts and recommending action, but taking almost no 
in administration, In fact, the authors specifically eliminate administrative sk 
from consideration. This position provokes a question as to why psychologists 
shied away from the social psychology of administration and why, even though 


significant problems? We have not hesitated to prescribe parent-child relations 
We have studied the social development of children and adolescent grdups. 
not explore some research problems in administration just as the authors have 
within the fields they stake out as the legitimate areas of industrial psycholog 
Perhaps if we tackled these problems our approach to some of the other as 
would be less subject to the ‘ivory tower’ criticism. 

The complications that stem from a non-administrative rôle for indusi 
psychology is evidenced in the chapters dealing with selection and placement 


vibrant organizations intrude themselves at various points in a way that 8 
evidence that Ryan and Smith have indeed experienced these restrictions on 
otherwise uncontaminated research efforts. They write with a sense of practic 
realities. 

Large-scale industrial organizations never confuse their research laboratories 
their factories. Both have a set of governing principles and are related to 
other in a rational way. As industrial psychologists we have not always kept thi 
distinctions clear nor have we made explicit how research results and procedi 
need to be modified for operations. To a degree this confusion runs through 
first part of the book, although the final chapter of Part I describes the operat 
of a selection and placement office. 

From the standpoint of coverage and wealth of references, Part I leaves' little 
be desired. A chapter is devoted to each of the following topics: Principles 
Selection, Job Analysis, Validation of Predictors, Interviewing and other Mi 
laneous Methods of Selecting, Intelligence Testing, Aptitude Tests, Interest 
Personality Scales, Methods of Placement, The authors have obviously struggled | 
iie their material in a sensible sequence. It is always difficult to know 

de to weave in the necessary statistical background in presenting the problems. 
sel ection. Ryan and Smith have wisely chosen to discuss the statistical concepts 
they afe necessary for an understanding of the procedures, rather than dev 
Separate chapter or section to statistics in the abstract. Moreover they 
Bok eet and their derivations, in favor of a commendable exposition ; 

£ the logic of statistical treatment. One can always find details not to his Liki 
Figure 7 is a misleading scatter-diagram that no statistician would ever consi 
and the fact that it was modified from another source does not temper the 


plaints of a lone reader. 
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nectingethread between the chapters. The case describes the various steps taken and 
choices made by a psychologist from the initial consulting invitation to the final 
validation. Chapter 9 dealing with placement of employees within an organization 
is a unique feature of the book which may also become a controversial topic. The 
business executives will probably look upon it as unrealistic, although with greater 
or less success the basic notions described here have been employed by the armed 
forces. 

Certain features of Part II demand special comment—both favorable and other- 
wise. Chapter 11, "The Meaning of Human Efficiency,” is a thoughtful and care- 
ful effort to pack together the various operational meanings of work-cost with a 
mininfum, of descriptive detail pertaining to specific studies by each means. The 
presentation here has the teaching advantage of getting the various meanings of 
effort into one area for purposes of comparison. In most other texts these con- 
cepts are scattered and separated by other topics. 

Three chapters are devoted to industrial motivation of which the first two are 
largely theoretical, These carry the reader to a higher level of abstraction and 
theoretical sophistication than any other part of the book. A change of pace midway 
in a course may have its advantages. For some students the more abstract material 
may undoubtedly be welcome, and the effort may well be a step in the direction of 
the synthesis which the whole field needs. All things considered, however, these 
chapters seem out of place, valuable as they may be for a monograph or journal 
articles. 

Somewhat later—in the chapter on accidents—the authors again use the pages of 
the book to debate the concept of accident proneness in much the fashion of a 
controversy that might better be carried on in a journal. This is not to deprecate 
raising bona fide issues in a text. In the interest of balance, every textbook author 
must exercise a certain restraint in writing on those topics on which he may have 
special knowledge. Ryan and Smith seem to have let themselves go on these points 
with the result that it is difficult to know whether the book is best placed early or 
late inthe curriculum. The authors themselves do not specify for what level they 
were writing. 

A single chapter—albeit a long one—is given to learning in industry with 
major emphasis on methods of facilitating the, process. This chapter represents 
one of the better ones in the entire book drawing upon a broad time range of studies 
and written with a confident, non-querulous tone. Perhaps the confidence of this 
chapter is a reflection of the maturity of research in this field and the fact that 
many of the researchable issues have been debated into useful shape. 

If there is any unifying concept that pervades industrial psychology, it ista point 
of view and a method of study. The unique value of psychology to manufácturing 
and associated activities lies in the psychologist's special talents for experimenting 
with human beings and researching human problems. Ryan and Smith's book will 
certainly carry that message, well documented with studies ranging from those re- 
cently published, to familiar old-timers, which have appeared in numerous earlier 
textbooks. Principles of Industrial Psychology does not have the smoke and drive 
of the factory—but it. does convey the impression of dignity, maturity, and con-< 
fidence of a profession that knows what it is doing. t 

Institute for Research in Human Relations F. K. BEREN Ex 
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The Nature of Prejudice. By GORDON W. ALLPORT. Cambridge, Addison*Wesley, 
1954. Pp. xviii, 537. 

An evaluation of Professor Allport's latest book is complicated by the fact that 
it is written by a gentleman scholar about an ungentlemanly topic for a non- 
scholarly audience. It is directed explicitly toward two groups—students and 

c general readers concerned with attaining a better understanding of prejudice. 

Viewed on this level, the volume should be of considerable value. It is highly 
readable—one has a lurking suspicion that the manuscript was gone over with a 
Flesch count in hand—and only an occasional polysyllabic word betrays the author. 
Points are effectively illustrated with anecdotes, many of which are amusing gs well 
as pertinent. As a general introduction to current scientific thinking abouf prejudice 
it is most satisfactory. There are noteworthy examples of reducing complex matters 
to a level which should be readily understood by the general reader. The chapter oh 
"The Scientific Study of Group Differences" is especially impressive. 

Psychologists also will find much of interest. The emphasis upon the multi- 
determined nature of prejudice is a welcome antidote to narrowly formulated 
approaches which stress one class of presumed causal factors to the exclusion of 
others, In casting his net wide the author has come up with much fascinating and | 
little known, pertinent data. The scope of the work is indicated by the fact that 
31 chapters were required—systematically progressing from "preferential thinking" 
through group differences, perceiving and thinking about group differences, socio- 
cultural factors, acquiring prejudice, the dynamics of prejudice, and character 
Structure, to reducing group tensions. Such breadth has concomitant disadvantages 
since specific topics are necessarily simplified in the selection and summarization of 
relevant data (the chapters average less than 17 pages in length). Specialists in the 
areas touched upon may rightly feel that some generalizations do not do full 
justice to the richness and complexity of existing knowledge 

A related problem concerns the interpretation of research findings. In general, 
Allport's interpretations would be concurred in by most scholars and their validity 
is suggested by the general consistency of results from many studies. Nevértheless, 
the reviewer felt occasional twinges of disquietude at some summaries of research 
findings. On p. 403, for example, Reichard’s cautious comparison of Rorschach 
Protocols of college women high and low in prejudice is interpreted as 
indicating inhibitition and compulsive overmeticulousness on the part of prejudiced 
Ss, whereas those with less prejudice gave more whole responses and had more 
Productive associations. It is not noted, however, (1) that these findings were not 
UG ped significant (only one of 49 tested relationships reached the .02 level 
of confidence), (2) that many of the differences found are related to I.Q. (which 
Was uncontrolled), (3) that many hypothesized differences between those high 
and low in prejudice were not confirmed, and (4) that the differentiation of the 
two groups on responses to the Rorschach was ad hoc. Indirect evidence from other 
sources suggests that most of Reichard’s findings could probably be replicated but, 
as far as the reviewer knows, no one has done so. 

Professor Allport cannot be held accountable for methodological limitations of 

uch, research on prejudice. It is not the Proper function of such a general survey 
of resgarch p he bas undertaken to 80 into detail about the limitations and possible 

^ “Samethodological wegknesses of much of the relevant research. His account is not 4. 
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likely to mislead seriously the audience to which it is directed; indeed, it is 
difficult to imagine a better summary. His book may, however, give the impression 
that knowledge about prejudice is more unequivocal and rigorously based than it 
actually is. 

The serious student can use this book as a general summary of the best informed 
thinking on prejudice and as a guide to the research literature. There are other 
good reasons for examining this book carefully: (1) its breadth insures that cer- 
tain topics will be touched upon which are unfamiliar to many concerned with the 
general area: (2) a good deal of unpublished research is cited which is a major 
addition to the body of available information; (3) many of Allport's tentative 
generalizations based upon admittedly inadequate data suggest hypotheses for 
research (the chapter on “Social Structure and Cultural Patterns” is especially 
provocative in this respect). One is tempted to add a fourth reason, Those who 
write about prejudice would be well advised to model the tenor of their remarks 
upon the restrained example set by the author. 

The reviewer agrees with Professor Allport that this account of the nature of 
prejudice may soon be dated. He is further convinced that the more widely the 
book is read and understood (by both lay and scientific audiences), the more rapid 
will be the dating of the material presented. 

Research Center for Human Relations, RICHARD CHRISTIE 

New York University 


Learning Theory, Personality Theory, and Clinical Research: The Kentucky 
Symposium. By VARIOUS AUTHORS. New York, John Wiley and Sons, 1954. Pp. ix, 
164, 

This volume preserves for posterity a group of eleven papers read last year in a 
symposium sponsored by the University of Kentucky to encourage “a closer inte- 
gration" of the "three branches of psychology" named in the title. À large amount of 
material only indirectly related to that laudable purpose managed to find its way into 
the papèrs, but each contributor got around sooner or later to some opinion on the 
contribution of learning theory to élinical psychology and to the understanding of 
personality. It may be well to call the roll. 

Mowrer, Spence, and Wickens are enthusiastic about the potentialities of learning 
theory, as is Ammons, who finds it necessary to speak in favor of theorizing in 
general (a “defensible procedure”). ‘Adams, too, believes in the possibilities of 
synthesis, pinning his hopes on the unifying properties of the concept of sentiment 
“the totality of conditions in the organism that make a given object what it is for 
the behaving animal.” Harlow displays a certain amount of ambivalence, “gs does 
Cattell, who complains (oddly enough) that “learning theory has concerned itself 
with individual response variables instead. of factor patterns and their measure- 
ment,” but both are inclined to be friendly. Maier cautions against “premature 
crystallization” of narrow concepts. Snygg has nothing but contempt for the work 
that has been done in learning, rejecting the notion of learning as process. Witten- 
born, in, contrast, insists that we must study the “how of behavior change" rather 
than the "content or what of the change” which is but "an accident of time and“ 
place." He suggests, however, that "systematic and thoughtful observation, of the 


changes in human behavior under diverse conditions can contribute more to learn; 
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ing theory than learning theory can at present contribute to the work of tho clinical 
psychologist." In what is perhaps the most thoughtful and balanced attempt to deal 
with the central problem of the symposium, Butler sees learning theory as a means 
of combatting the "parochialism and intellectual provincialism" in contemporary 
therapeutic circles. If “theories of therapy and therapy-based personality theories 
ate reduced to more general psychological theories which will ‘contain’ all of them,” 
convergences can be noted and inconsistencies delineated. Such translations, of 
course, contribute nothing to our empirical knowledge of psychotherapy, and the 
danger must be recognized that "what are exact terms in learning theory then be- 
come: as inexact as their semantic equivalents in psychotherapeutic and‘ personality 
theory." é M 

The volume contains many other interesting things. Mowrer decides to dispense 
with the concept of habit. Rewards and punishments, we are told, do not strengthen 
Or weaken stimulus-response connections; "what they do instead is to produce, by 
conditioning, secondary reinforcements and Secondary motivations, respectively"— 
"token decrements" and "token increments" in "emotional tension." The question. 
0f how these "tokens" function in response-selection is enveloped in a cybernetical 
cloud. Spence, on the other hand, is more inclined than ever to avoid entirely the 
problem of what is learned and the conditions essential for learning. He writes: 
"Although the concept of $-R tendency will be used in the ensuing presentation, 
no bias is intended as to whether the hypothetical learning change is a connection 
between two sensory elements of the nervous system or between afferent and effer- 
ent units... . Likewise the term "reinforcement" will be used but only in the gen- 
eral sense that the stimulus effects or consequences of a response in some way of 
other are related to the changing value of the S-R tendency.” Wickens uses the 
clinician's interest in personal determinants of perception to justify a lengthy and quite 
unsuccessful attempt to handle ‘acquired distinctiveness’ in terms of a watered- 
down version of the Spencian theory of two decades ago. The major part of Adams’ 
Paper is devoted to an abstruse discussion of the reality of psychical systems 
(principally directed, it Seems, to the absent Krech). Ammons labors mightily with 
a set of. ‘postulates (somehow not quite as elegant as the Hullian set which sup- 
plied the vision) and brings forth the deduction (experimentally confirmed, as a matter 
~ Patan eae make ‘More erasures and crossouts in the writing of à 

in the writing of an easy one. Usw. 


We may suppose that everybody had a fine ti i t for 
Open E aden y e time at the symposium, and tha ! 


r printed record of the proceedings will provide a pleasant 
porni, For the test of us, too, the enterprise may have some lasting value—as 2 
in ication of the curious state of Psychology at mid-century. 

M. E. B. 


„Meaning, Communication, and Value, By PAUL KECSKEMETI. Chicago, Univer- 
sity of Chicago Press, 1952. Pp. viii, 349. 


Kecskemeti, who received a Budapes 


cannot say, but it appears to be a superlative piece 
€ of the inherent nature of the work, as well as the 
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author's background in social science, it has intrinsic interest for psychologists. 

In his preface (p. v), Kecskemeti states that his purpose is to show that inter- 
pretation and evaluation "inevitably include an element of personal judgment and 
decision," and that to renounce such subjective processes in favor of the “impersonal 
disciplines of formal, logical deduction and empirical fact-finding” would be to do 
a great disservice. Thus, the central theme is the treatment of meaning, defined (p. 1), 
as "anything that is or may be "interpreted." " Meaning is present only when some 
organism pérceives à situation as presenting the possibility of some kind of "good" 
response. Standards of "goodness" include those which yield biological satisfaction, 
either directly or indirectly, and thus we are ultimately led, in the last section of 
the book,eto a distinction between "relevance" (the meaning of a situation in 
terms of direct satisfaction) and "value" (the same, in terms of possible remote 
satisfactions), and, ultimately, to a consideration of utilitarian philosophies as pro- 
viding a possible "autonomous" system of values. Kecskemeti's judgment on this 
latter point, incidentally, is in the negative; one of his arguments is ‘that the 
utilitarian's complete ban on "moralizing" in child-rearing is psychologically un- 
sound. Nevertheless, it might be objected, would not an enlightened (though hypo- 
critical) utilitarianism permit "moralizing" if that happened to offer "utility"? 

Along the way, the reader is offered intriguing discussions of a variety of topics. 
Memorable are: a new distinction between "signs" and "symbols" (26 ff.), an 
analysis of types and levels of messages (29 ff), certain objections to logical 
formalism (71 ff.), the characterization of word-perception in reading as a “learned 
neural reflex" not subject to extinction (117), & distinction between “name- 
language” and *word-language" (125 ff.), the identification of word meanings as 
linguistic rules (137 ff.), a discussion of the functions of sentences, including an 
interesting definition of the "elementary sentence" (154), a listing of types of 
"value languages" (Chapt. VIII), a discussion of "levels of conflict" between 
values (246 ff.), a sketch of a philosophy of education ("education for success would 
be the greatest calamity that could befall our educational system," 267), thoughts 
on how*a norm-oriented society can allow non-conformism (274 ff), views on 
super-ego formation in the child (301 ff.), and finally, a way to validate judgments 
of value (Chapt. XI). 

Kecskemeti feels (p. 90) that the Jess well-developed sciences (including, by 
clear implication, psychology) have need of the philosopher's guesses and criticisms. 

It is obvious that the author has read widely in psychology, yet he is pessimistic as 
to the ultimate possibilities of behavioral science. He doubts the possibility of a 
whifed science, for he feels that organismic behavior displays non-mechanistic 
features, particularly where jt displays meaningful responses. Description “js pos- 
sible, but explanation and prediction impossible. The argument is ingenious: if 
behavior can be predicted, "future scientists of behavior, when observing a con- 
versation among people they do not understand, may nevertheless be able, under 
certain conditions, to determine what each of them will say." This implies the 
"paradoxical achievement" whereby the scientist is "able to ‘catch up’ with others 
having more information that he has himself" (p. 12). Kecskemeti neglects to point 
out that the science of behavior attempts only to determine relations between, given" 
antecedents and consequents; it can only specify possible "scenes" in the shape of 
things to come. Kecskemeti almost rules this out, howevet, when he decides (Chapt.— 
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IV) that at least some behavior is truly free, and that behavior theory cam only be 
probabilistic. 

Whatever his philosophical predilections, the behavioral scientist will find this 
book rewarding. The predominant tone of pessimism with respect to a science of 
behavior is counterweighted by the careful analysis of the process of "interpretation," 
o Harvard University JoHN B. CARROLL 


| Dynamic and Abnormal Psychology. By W. S. TavLom. New York, American 
Book Co., 1954. Pp. xiv, 658. 

‘Among contemporary texts in abnormal psychology, Professor Taylor's book is 
unique. Despite its title, much of its content has little to do with either abnormal 
or dynamic psychology, as those areas usually are envisaged. One reason for this 
peculiarity may be that the author regards abnormal psychology as “the psychology of 
those mental states and of those minds which are relatively far from ideal integra- 
tion” (p. 2), a definition which leads to such curious consequences as the classifica- 
‘tion of sleepiness and dreams as abnormal (even though not pathological). A 
further reason is that the author is primarily interested in the everyday, minor 
abnormalities of the various psychological functions of the individual, e.g. of 
perception, memory, or thought, and not in the more serious disorders which seem 
to involve the personality as a whole. The result of this attitude is that he devotes 
only 18 pages to the psychoneuroses, and only 27 to the psychoses. 

Much of the book deals with the material of general psychology, and the titles 
of many of the chapters are identical with those of most texts in the general field, 
e.g. “Reactions,” “Connector Processes,” “Learning and Memory,” “Acquired Pat- 
terns,” “Attention and Preception,” “Thought,” and so forth, although—oddly 
enough—there is no chapter entitled “Personality.” A student who already has had 
an adequate course in general Psychology might find much of the book repetitious. 

The manner of presenting each topic also is unusual, although it is reminiscent of 
that used by John J. B. Morgan in The Psychology of Abnormal People (Longmans, 
Green, 1936). Each major topic is divided into a number of sub-topics. In *the case 
of learning these include conditioning, association, negative adaptation, experimental 
extinction, trial and error, immediate learning, insight, rote learning, meaningful 
learning, transfer, interference, automatization, higher units, redintegration, and the 
likes. Each sub-topic is allotted a brief description, followed by numerous illustra- 
tions of abnormalities in the function or activity in question. One result of this 
method is that the individual seems to be fractionated into a number of independent 
functions, and his behavior as a Whole is not made understandable in terms of bask 
persongfity characteristics or motivations. The fact that the book has 1,032 foot-notes, 
many of them multiply documented, but scarcely a single genuine case study, cor- 
tectly indicates the virtual absence of what usually is regarded as an integra- 
tive and dynamic point of view. Another result of the method is that phenomena of 
behavior which are descriptively separable, e.g. conditioning, trial and error learn- 
ing, and insight, remain unrelated so far as the application of any kind of general 
psychological theory is concerned. 

> Another characteristic of the book is the citation of concrete examples of shaarmal 
behavigr to a degree not approached in any other book with which the reviewer 
T tis Ces Many of these are in the form of anecdotes derived from the older 
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literature in the field. Thus the examples of illusions include quotations from Ed- 
mund Parrish (1888), T. H. Pear (1922), Janet (1895), Esquirol as reported by 
Maudsley (1880), Griesinger as reported by Ribot (1898), and Sully (1897). 
Many of the anecdotes could well be termed psychological curiosities. For example, 
on p. 381, in connection with the sub-topic of hallucinations, we find these quota- 
tions: "A carpenter was subject to visions of his dead child ‘against his wish ànd e 
will whenever he concentrated his attention upon any point . . . Kahlbaum, quoted 
by G. Stórring, Mental Pathology in its Relation to Normal Psychology, 1907." "In 
many instances, the apparition of a murdered person has haunted the murderer until 
he gave himself up to the police . . . Abercrombie noted this . . . Inquiries, 1833, 
"260." "The reader can only imagine the years of library research which must have 
been necessary to assemble this rather astonishing "wealth of material" (publisher's 
» phrase). 

To the reviewer it seems uncertain just what teachers of undergraduate abnormal 
psychology would find the book acceptable as a text. For an instructor to regard 
it as satisfactory, he«must of course agree with the point of view and method of 
presentation already described. In particular he must be content with a treatment of 
the subject which remains almost entirely at the descriptive level and makes little 
or no attempt to explain or interpret abnormalities of behavior in terms, say, of an 
individual's motives and past history. He also must agree with Professor Taylor's 
selection of sources, which limits Fromm, Horney, and Adler to 6 or 7 references 
apiece, but has 32 such references to William James, 37 to Janet, and 46 to Morton 
Prince. 

New York University LELAND W. CRAFTS 


The Psychiatrist and the Law, By WINFRED OVERHOLSER, New York, Harcourt, 
Brace and Company, 1953. Pp. x, 147. 

The author, who is the superintendent of St. Elizabeth's Hospital, was the re- 
cipiedt of the Isaac Ray Award given by the American Psychiatric Association for 
his contribution to the improvement of the relations between Law and Psychiatry. 
"This book consists of four lectures which he gave at Harvard University in fulfill- 
ment of the expectation that the recipient of the award would lecture at some uni- 
versity which has both a law and medical school. 

In the first lecture there is a tribute to Isaac Ray for his contributions made over 
a century ago to the problem of medical jurisprudence, a brief account of the his- 

"tory of psychiatry as a medical specialty, and a general statement of the various 
symptoms and disorders with which psychiatry deals. Although he is c&tholic in 
his views, paying due regard to physiological disfunctions where they are known, 
the author nevertheless accepts the Freudian doctrine, even to the id, ego, and 
superego, admitting however that these terms have only a "schematic existence. 
They are convenient abstractions . . . and serve a useful clinical purpose" (13 f.). 

"The second lecture deals with the disinclination of the law to accept new points 
of view and "scientific data," especially the findings of psychiatrists. The auther 
inveighs especially against the law's devotion to the dichotomy between sa&ity and 
complete insanity when in fact there are gradations between the two extfemes for 
which the law should provide. Similarly, he deplores the tendency of legislative. e 
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psychopath legislation." 1 
. Inthe two remaining lectures he treats of the hospitalization of psychotics and. 
of the psychiatrist as a witness. The commitment of a person to a public hospit 
is of course a legal responsibility. The author gives a general account of the wide 
variety of commitment-procedures in various jurisdictions. Some of these he finds 
to be exceedingly harmful to the patient who may be treated as a criminal, subjected’ — 
to open-court proceedings, and forced to hear testimony against him by members | 
of his family. On the other hand there are states that are adopting better methods. — 
"The problem of the psychiatrist as a witness is a difficult one. The author finds an. 
antagonism between the courts and the psychiatric witness, which is due in part to — 
-the inability of the psychiatrist to present to the jury by means of charts and photo- 
graphs the data upon which his opinions are based, and in part to the difference ' 
in approach—the lawyer bound by his rules, some of which are obsolete, the psy- ` 
chiatrist, unable to say whether the defendant knew right from wrong or could | 
have appreciated the consequences of his act, knowing only that the defendant is 
mentally sick. Among other things the author pays his respects to the absurdity. of 
the “hypothetical question.” 

Taken as a whole this is a good book and should be read by lawyers, judges, E. 
legislators, and the informed public. Its psychology, however, is typically psychiatric — 
and there is no reference to the findings of those psychologists who are devoting 
their lives to the study of the basic psychology of the normal human adult. Other- 
wise the author could not say as he does that the Freudian psychology is "the 
generally prevailing psychologic doctrine today" (p. 19). Neither could he quote 
with approval the statement that "Every result of the use of the eyesight is as & 
matter of last analysis a deduction or judgment" (p. 57). Such statements are, 
however, entirely gratuitous and unnecessary to the general argument of the book. 
"There is an index and a list of 118 references. 

Cornell University ; H, P. WELD 

o 


For a Science of Social Man, Edited by Jonn Gittin. New York, Macmillan ~ 
Company, 1954. Pp. vii, 289. E 

Social scientists have become self-conscious. They have long recognized that 
their common label is about all they have in common. Their enormous efforts and — 
numerous publications both theoretical and empirical seem not to have influenced 
the Course of human events nearly so much as the focused endeavors of the phys- 
icists, the professional soldiers, or the ward politicians elevated to national posi- 
tions, Now there is a growing belief that if the social scientists could analyze their 
own thinking and establish rapprochements with each other, the net effect would 
Carty us closer to an understanding of man in his own creation—society. This book | 
is an effort at such self-analysis by a group of distinguished representatives from 
anthropology, sociology, and psychology. ? 
,The editor, Dr. Gillin, University of North Carolina anthropologist, provides’ 
2 intraductory and a concluding chapter. Each of the other six contributors deals 3 
with his own and with a neighboring ‘discipline’ in an attempt to highlight — 
n eseoretical concepts, ndings, or issues which in his judgment enhance the scope 
of the selected fields. Two weekend conferences, supplemented by correspondence, 
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were held by the authors as a means of bringing their thinking and consequently 
their writing into closer unity. What emerges from these deliberations is not a 
grand unified theory of social man—such was not their objective—but rather a group g 
of thoughtful and provocative essays with more emphasis on theory than man. 
One wonders "what intellect will ever grasp the totality of existing knowledge in 
this area, bringing direction and focus to our current scattered efforts. " 

Nearly all the contributors make mention, passing or otherwise, of certain 
concepts—culture, group-structure, róle-behavior, personality, learning, communica- 
tion. Is it possible that a greater integration might now be achieved if the same 
authors were asked to pool their thinking on these topics alone, each presentation 
organized around an agreed-upon outline? The authors, as one might expect, do 
not address themselves to each other. Their essays are like monologues, each man 
talking from the same theater-in-the-round but in a different direction and. perhaps 
to a different segment of the audience. A rough check of the name-index indicates 
that their respective platforms infrequently overlap. No one person's works are 
cited by all contributors. To take a sample, Harry Elmer Barnes is quoted 13 times 
by two contributors, Freud 18 times by three contributors, Kroeber 30 times by 
three contributors, Malinowski 17 times by four contributors, Murdock 14 times by 
three contributors. Moreover, only one of the contributors refers to each of his 
fellow authors in this book. This survey suggests not only that the collaborators 
have a quite small common denominator of factual knowledge but that they are 
not overly influenced or acquainted with each other's publications. This observa- 
tion does not detract from the high level of scholarship evidenced, but is offered 
instead as evidence that the higher integration sought for can be attained only 
after much diligent, long-term distillation of ideas and considerably more oppor- 
tunity for face to face discussion than could be afforded to by two weekend conferences. 

This problem has not escaped the authors. In one fashion or another nearly all 
have recognized the barriers to communication posed by sheer limitations of time, 
problems of semantics, departmentalization of faculties, and channels of publications. 
Some* specialists, furthermore, are temperamentally unsuited to interdisciplinary 
collaboration. Competition has, after all, a high valence in the American scene, 
among scholars as well as students and business men. Newcomb, among others, 
points out that the integration of concepts does not, however, necessarily imply 
the loss of any specialty's "sovereignty." "The present requirement for a unified 
science of man is not a fusion of the different levels of inquiry, but recognition and 
understanding of what is identical and what is distinctive. From such recognition 
and understanding, theoretical integration may yet emerge." E 

This book will be more respected than read. The writing of it hase probably 
taught its contributors more than it will teach its readers. It is an important and 
necessary piece of scholarship which anyone concerned with the integration of 
social sciences should examine carefully for the clarification of his own views and 
for the interdisciplinary research which it suggests. It represents a necessary step 
for a science of social man. 

Institute for Research in Human Relations F. K. BERRIEN. 


Child Training and Personality. By JouN W. M. WHITING and IRVIN I CHILD. 
New Haven, Yale University Press, 1953. Pp. vi, 353. ie P 
This book is an attempt to apply Hullian theory to the analysis and testing of i 
Q 
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in relationships between child-training practices and adult personality. The 
ionships with which the book is concerned were suggested by psychoanalytic 
ry, but are cast into terms of behavior theory and tested by reference to 
graphic reports on 75 primitive societies from Yale's Human Relations Area 
. The translation of cultural data into terms developed in a theory of indi- 
4l behavior is effected by introducing the concept of custom as the unit of cul- 
and by defining custom as "a characteristic habit of a typical member of a 
iral category of persons" (p. 22). 
ne customs chosen for analysis concern child-training practices and beliefs about 
causes and cures of illness. Relevant data were collected from the Area Riles 
presented for rating to three graduate students. Five systems of behavidr were 
ted for consideration: oral, anal, sexual, dependent, and aggressive. Ratings 
rankings were made on the degree of initial satisfaction permitted by the 
ties for each system of behavior, and on the degree of anxiety engendered by 
attempts to socialize each system. Two additional students rated each society on 
degree to which it attributed the cause and cure of illness to each of the five 
sms of behavior. 
he hypotheses concerning the relationships between these customs were derived 
1 the Freudian discussion of fixation. A distinction is made between positive 
ion, which is assumed to result from a high degree of initial satisfaction, and 
tive fixation, resulting from a high degree of  socialization-anxiety. 
h regard to illness, it is hypothesized that the causes will be attributed by 
nitive societies to behavior which is negatively fixated, and cures will be sought 
ehavior which is positively fixated. In the case of oral behavior, strong support 
the hypothesis of negative fixation was found, for the ratings of oral socializa- 
“anxiety were positively related to the ratings of oral explanations of illness. 
ilar confirmation was obtained for aggression, but not for the anal, genital, and 
endent systems. The positive-fixation hypothesis was not supported, for ratings of 
al satisfaction were not related to the incidence of oral, anal, or similar thera- 
tic practices. Some evidence was found for positive fixation, however, "when 
avior appearing after early childhood was considered. Finally, the origins of guilt 
fear of others are discussed. The societies’ conceptions of illness are used to 
w that the tendency to attribute the cause of illness to the patient arises from 
tification with punishing parents, and that the tendency to attribute the cause of 
ss to other persons is associated with early anxiety about aggression. 
| is of interest to note that ratings of the child-rearing practices of middle-class 
ericangfamilies showed these families to be more severe and less indulgent in all? 
acts BF oral, anal, and genital training than the parents in primitive societies. 
y were nearer the median of the primitive groups with regard to dependence 
aggression, = 
he task which the authors have undertaken is obviously of great magnitude and 
plexity, and the paucity of positive results is not surprising. Considering the 
, with which they had to deal, it is surprising that any positive results were 
eved at all. The authors discuss their study with great caution; indeed the 
epi and findings are so amplified and qualified that their meaning frequently 
mes obscured. This tendency, in addition to the authors’ difficult literary style, 
eg the book hasd to read, Those who do read it, however, will find it a 
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stimülating exercise in the extension of concepts and hypotheses from behavior 


theory into a new and interesting domain. 
University of Texas 


Harotp W. STEVENSON 


Motivation dnd Morale in Industry. By M. S. VıreLes. New York, Norton, 1953. 


Pp. xvi, 510. 


Industry Continually needs to increase production, to promote employee satisfac- 
tion and adjustment at work, and to curtail industrial strife. "These objectives can- 
not be fully achieved . . . unless accurate information is available as to the effec- 
tivqness of the various appeals or incentives which can be used to arouse the co- 
operatibn of individual workers. This involves an exact determination of basic mo- 
tives in work, in the sense of evaluating the nature and strength of various wants 
and needs. . . .” To this end Dr. Viteles brings to bear a wealth of experimental 
studies and attitude surveys. Although the book is oriented toward industry, the 


academician should not be misled by its title. 


Half of the 1500-or-so references are 


to academic sources, and many instructors will find the book useful in the teaching 


of motivation. 


Dr. Viteles frames his problem in a section on “Mobilizing the Will-to-Work,” 
noting that attention must be focused on the individual, and describing wage-in- 
centive systems and their relation to the worker. The second section, “The Back- 


ground of Motivational Theory,” summarizes 


classical theories of motivation, the 


contributions of social psychology, and the work of Lewin and his followers. The 
section on “Experimental Studies” reviews the relations between productivity and 


such variables as job-preference, size of group, 


supervision, participation in decision 


making, social functions of the working group, and teamwork. The largest section, 
“Employee-Attitude Surveys,” begins with a discussion of the methodology of 


attitude surveys, and then considers the results 


of surveys of attitudes on such ques- 


tions as unions, pay envelope, status, and various plant features. Finally, there are 


the “Guideposts for Management.’ 


The problem of motivation in industry,” says Dr. 


Vitelés, “is one of energy mobilization. The problem of morale is that of mobilizing 
the sentiments of all involved in achieving the objectives of industry within the 
broader framework of society as whole.” Here he directs management's attention 
toward the crucial variables involved in mobilizing the energy and sentiments “of 


all involved.” 


This book will probably find its way to the bookshelves of all major industrial 
executives and of all industrial psychologists. Those experimental, social, and 
clinical psychologists who take the time to read it will find interesting nex ways of 
considering their own motivational theories and problems. E 


Knox College 


ROBERT S. HARPER 


The Measurement of Hearing. By I. J. HIRSH. New York, McGraw-Hill Book 


Company, 1953. Pp. 364. 
The author meant this book to be used 


"as a reference by those engaged in 


measusing and treating disordered hearing and also as a textbook by those who aze 
training for such clinical work.” He also intended it “to be used by those Students 
of psychology, physiology, and physics who have an interest in hearing." © 

The first three chapters, devoted to “Sensation and Measurement,” “The Acditofy. c 
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Stimulus: Sound and Electricity," and "Electroacoustic Systems," provide a review 
of these subjects which should serve as a convenient reference for students already 
familiar with the material. They would prove rather difficult for the beginner. 
Chapter 4 is about pure-tone audiometry. It describes various parameters which 
affect threshold measurements, presents data from several surveys, and discusses a 
number of audiometric techniques. Chapter 5, concerned with the intelligibility 
of speech, discusses speech sounds, types of speech, articulation testing, speech 
audiometry, and the index of social adequacy. Combined with Appendix B, which 
contains several spondee and PB lists taken from the Psychoacoustic Laboratory 
series and the CID series, the chapter should prove a valuable and convenient 
source of information on speech and speech-testing. * 

The next four chapters contain a wealth of up-to-date research material on mask- 
ing, fatigue, differential sensitivity to pitch and loudness, loudness recruitment, 
binaural phenomena, and bone conduction. Since much of the research was done by 
the author himself, and since he was closely associated with many of the workers 
-responsible for the rest, he writes with a genuine understanding of the material 
and of its significance for the clinician and audiologist. 

The next chapter deals with the controversial topic of conditioning in audiometry, 
and raises the provocative question "where does the auditory system end?" The 
final chapter is entitled "Clinical Audiometry" and includes a discussion of the 
aims and methods of clinical audiometry, of the meaningfulness of “over-all estimates 
of hearing,” and of various therapeutic measures, 

There are two appendices, the one already mentioned and another containing the 
ASA standards for audiometers of various types. There is also a glossary of 
technical terms, a bibliography, and a name- and subject-index. Each chapter 
contains a short annotated list of references for further study. 

The book should prove a rich source of information for anyone interested in the 
measurement of hearing and hearing-loss. The audiologist will not think his task 
an easy one after he has read the book, but he will be able to avoid many of the 
pitfalls into which he might otherwise have fallen. The student of psychology will 
discover, among other things, that he should have learned more physics. 

University of Texas L. A. JEFFRESS 


Social Psyc ology. By Orro BERG. Revised Edition. New York Henry 
ial b Kune e ed » 
Holt and Company, 1954. Pp. xiii, 578, 


One predicts without hesitation that the 
expanded to encompass new developments, 


j Klineberg stands for a psychology that is not culture-bound, In every field of 
psychological inquiry, from “national character" down to the elementary processes 
of sensg-perception, he insists that we can learn from the study of behavior in 


5, Waying cultural contexts. There is Possibly no psychologist who has done so much, 
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through his teaching, his research, and his extra-curricular activities, to bridge the 
gap between psychology and ethnology, and to facilitate international understanding 
among psychologists. Klineberg gives us a picture of man as a highly adaptable 
creature, his behavior initiated perhaps by certain dependable motives, but its 
expression regulated in all its essentials by his culture. The psychological frame- 
work is, broadly speaking, that of Woodworth; the cultural emphasis reveals the 
influence and the idealism of Boas, Some readers may find the relativism a little too 
‘easy,’ but none can deny that Klineberg's approach both fosters tolerance and 
stimulates the urge to find out more about the behavior of people. 

Tihe revised edition contains two new chapters that are particularly noteworthy: 
one on*“The study of national characteristics," in which Klineberg capably reviews 
the research and points up the issues in this perennially frustrating field; the other 
on “Psychology and international relations,” which, in spite of its measured tone, 
is a ringing challenge to psychology to play its part in the illumination of world 
problems. Since World War Il, psychologists have been beginning to appreciate 
their réle as scientists in the solution of the larger problems of mankind. Klineberg's 
Social Psychology, whether studied as a text or simply read as an interesting analysis 
of human behavior, will add to the challenge. 

Cornell University R. B. MACLEOD 


Einführung in die Sozialpsychologie. By PETER R. HorsrATTER. Vienna, Hum- 
boldt-Verlag, 1954. Pp. ii, 535. 

This introduction to the general field of social psychology is the first one to 
appear in German which contains an adequate summary of experimental investiga- 
tions carried out in the Anglo-Saxon countries. From the point of view of content 
it is not very dissimilar from the major textbooks used at American universities; 
it is no surprise to find that it is based on courses of lectures given by the author 
at M.LT. and the Catholic University of America. 

While there is thus little that is novel in the book to an American reader, most 
of thé material would be quite unfamiliar to the audience for which it is intended, 
and teachers in German speaking countries will undoubtedly be glad to have 
this summary and integration of experimental work to recommend to their students. 
Indeed, it is likely that a good deal of the contents will be news to the teachers 
as well! 

Certain features of the book call for comment. In the first place, it is extremely 
well written, The reviewer knows of no comparable volume in which clarity of 
exposition is so happily married to felicity of expression, and in which,so much 
factual information is conveyed in a context of humanistic background. In the 
second place, this appears to be the only textbook of social psychology to grasp 
firmly the nettle of factor analytic and other complex statistical methods and to 
introduce them as an essential part of the presentation. The necessity of doing 
this has always impressed the reviewer in his own teaching activities, and it is a 
pleasure to find this difficult task done so well. A third feature which calls for 
comment is the author's wide reading, which enables him to treat even well-worn 
topics with an air of novelty and with amusing and unusual exampies and 
references. ig A 

Altogether, this is an excellently constructed, well written textbook, which is 4t. 
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least the equal of any available in English at the present time. Its defect, aë lack 
of basic theoretical integration, can probably be laid at the door of the subject 
more fittingly than at that of the author. An English translation of the book might 
make it into a formidable rival of more familiar textbooks. 

Maudsley Hospital H. J. EvsENCK 


. 

Psychosomatic Case Book, By Roy R. GRINKER and FreD P. ROBBINS? New York, 
The Blakistoù Company, 1954. Pp. xii, 346. 

The description and analysis of 79 psychosomatic cases take up the bulk of this 
book. Intended primarily for students of medicine and related disciplines, the gase 
reports are grouped into eight classes or special syndromes such as cardiovascular, 
respiratory, and so forth. The cases vary in length from half-a-page to four pages, 
and in quality from fragmentary notes to carefully structured histories, 

The case reports are intended to give the reader some familiarity with the 
authors’ “field concept of psychosomatic medicine,” the exposition of which (in 
Chapter III) constitutes what is by far the best material in the book. The authors 
provide argument together with general data and case material leading to the 
tejection of the popular simplicistic theories which hold that the psychosomatic 
field is an interrelationship "between two foci or systems of variables such as 
specific emotions and specific organ functions, specific life stress and a bodily 
reaction. . . .” Instead, this book emphasizes the notion of multiple causation. 
In eschewing the use of specific stereotypes or symbolic vegetative conditions in 
favor of a “transactional” approach, the authors are to be commended. Nevertheless, 
the symbolism of bodily organs creeps silently into some of the case discussions. 

Although one should not expect detailed exposition of theory in a case book, 
the reviewer believes that the presentation would have been considerably more 
valuable if the transactional and field-theoretical principles had been systematically 
employed in the case analyses. 

University of California THEODORE R. SARBIN 


The Measurement of Social Competence: A Manual for the Vineland Social 
rae Scale, By Encar A. Dott. Philadelphia, Educational Publishers, 1953. 

The Vineland Scale, first published in 1936, represents a unique attempt to 
measure social maturity in terms of data elicited from an informant well acquainted 
with the everyday behavior of the person to be evaluated. The volume at hand— 
crammed with a mass of detailed material on the rationale, construction, valida-« 
tion, administration, scoring, and use of the scale—replaces the brief and in- 
adequate manual which was, up to the present time, the only available guide. The 
impression is gained of a careful, competent piece of work which makes a sig- 
nificant contribution to the evaluation of the physically handicapped, the illiterate, 
and the mentally retarded. It is recommended to those counsellors who routinely 
base their judgments on scores derived from intelligence tests alone. E 
, University of Texas IRA IscoE 
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